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S Y N O P S I S  

SUMMARY. MacFallite, Ca2(Mna+,A1)3(OH)3[SiO4] 
[Si207] , is a new species occurring with manganite, 
braunite, orientite and pyrolusite blebs, stringers, and 
framboidal aggregates, which replace calcite in fissures 
and lenses in Keweenaw basalt near Manganese Lake, 
Copper Harbor,  Keweenaw County, Michigan. It is rich 
reddish brown to maroon in coarse aggregates; compact 
massive material is brown to dull pink. The streak and 
powder are brown with a reddish tint. Lustre silky to 
subadamantine, specific gravity 3.43(2), hardness 5 +, 
cleavage {oo i } perfect; twinning by reflection on { I oo} is 
universal. The mineral is monoclinic, space group P21 or 
P21/m , Z = 2, a 8.929(6), b 6.o45(5), c lO.9O5(7) /~, fl 
I I9.IO(3) ~ ~ 1.773(5) , fl 1.795(5) , 7 1.815(5), sign + or - ,  
pleochroism ct yellow, fl light brown, 7 dark brown, 7Hb. 
Orientite, Ca2Mn 2+Mn 3+(OH)4[Si3Olo]-Ca2Mn2 a + 
(OH)2[Si3Oao]" 2H20, orthorhombic, space group 
Cc2m, Ccm2 t or Ccmm, a 9.o42(4), b 6.o90(2), c 18.99o(7) A, 

1 Died 6 June I978. 

1.765(5), fl 1.79(I), 7 1,8I(I), sign + or - ,  ct brownish 
yellow, fl reddish brown, 7 deep brownish red, ct[[a, 7lib, 
also occurs in moderate abundance. It is turbid chocolate 
brown in platy masses but crystals are transparent  rich 
reddish brown. Streak and powder brown. Observed 
forms are m{ I IO}, C{OO I }, and poorly developed to absent 
a{ IOO}, thin to thick tabular  parallel to {oo I }, cleavage (or 
parting) {ooI} perfect, specific gravity 3-33- " 

A fumarolic origin is proposed for the assemblage, 
which in many respects is similar to the great manganese 
oxide deposits in Oriente Province, Cuba. Macfallite 
appears to be structurally related to pumpellyite while 
orientite is apparently related to ardennite. 

[Manuscript received I September I978] 
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Int~odue~on and/xz~ene~a. Small and local deposits of 

m~ganese oxides were known to Douglass Houghton in the 1840s during his 

early su~eys of the mineralogy of geweenaw Point in northern Michigan. 

These  d e p o s i t s  occu r  t o  t h e  e a s t  o f  Mangdnese Lake ( S e t .  5 ,  TsgN, R28M) 

wh ich  i s  s i t u a t e d  one m i l e  sou th  o f  t h e  v i l l a g e  o f  Copper Harbor ,  geweenaw 

C~nty. Michigan. They o~cur  within large calcite fissure fillings and 

lenses which ~ east-west along the strike of fresh amygdaloidul basalts 

of the ~ r e e n s t o n e  f l o w  adjacent t o  t h e  Copper Harbor  ( " g r e a t " )  c o n g l o m ~ a t e .  

Small copper mines in the vicinity produced but modest quantities of ore: 

the Star and Clark Mines were worked for fissure deposits of copper hat by 

t h e  end o f  t h e  18608 o p e r a t i o n s  c e a s e d  s i n c e  c o s t s  c o u l d  n o t  be  c ~ e r e d .  

The m~nganese o r e s  w e r e  mined  abo~t  3 / 4  m i l e  e a s t  o f  ~ a n g a n e s e  Lake t o  a 

d e p t h  o f  75 f e e t  i n  1881 by t h e  Cambr ia  I r o n  Company, a s h a f t  l a t e r  s~nk,  

bu t  o n l y  a b o u t  1200 t o n s  were r e c o v e r e d  by 1883 and  t h e  o p e r ~ r i o n  was 

abandoned. The o r e s  r a n  55,73% mongeese and 1,36% copper (Cornwall, 1955;  

Clarke, 1974). Altbuagh numerous small prospects dot the area, our study 

focussos on t~ deposlts: a sm~l l  exposed calcite mass along the west w a l l  

o f  t h e  o u t l e t  s t r e a m  ( g e t .  g ,  e r r .  NE1/4)  f ~ m  Manganese h a k e  t o  h a k e  Fanny 

H ~ e ,  ~ d  t h e  l a r g e r  d e p o s i t  g/g ~le t o  the e a s t  ( S e t .  4, c i r .  SW1/4 o f  

b ~ l / 4 )  i n  t h e  V i c i n i t y  of t h e  C l a r k  Mine .  But  l i t t l e  o f  t h e  o r e s  were  

v i s i b l e  i n  p l a c e  and most  samples  were  g a t h e r e d  f r ~  t h e  l o n g - a b ~ d o n e d  

stockpiles and tellings arotmd the workings. 

To our kn~ledge, the manganese minerals a t  these deposits--the 

assemblage o f  which is, in a s~nse, practically u n i q u e  and which compares 

o n l y  t o  those of the O r i a n t e  Province, Cuba--never received earlier 

detailed study. Butler and gurb~k (1929). in their classic treatise on 

t h e  copper  d e p o s i t s  o f  t h e  Upper P e n i n s u l a ,  M i c h i g a n ,  m e n t i o n  m ~ g a n i t e  

a~d pYrolusite o c c u r r i n g  w i t h  " o t h e r  ms~ganese  mine~]s as a ' v e i n ' ,  

essentially coinciding with ~ 8mygdulo id  a short distance below the great 

c o n g l o m e r a t e . "  These  s m a l l  manganese  d e p o s i t s  a p p e a r  t o  be  d i s j o i n t  t o  

t h e  sequence  o f  b a s a l t s  and c o n g l o m e r a t e s  o f  t h e  Ke~eenaw: manganese  

minerals i n  the col~er-bearing deposits a r e  u n u s u a l  rarities and a r e  

l a r g e l y  c o . f i n e d  t o  sm~ll and sporadic coatings and d e n d r i t e s  d e p o s i t e d  

upon other minerals in the v e s i c l e s  of the a~ygdaloid and as rare thin 

films cementing conglomerates. Larger ~sses of manganese oxides ~d 

silicates, to our knowledge~ have never been recorded from the various 

flows elsewhere in the copper d e p o s i t s ,  Although manganese oxides and 

ox~/hydroxides ( p o i l o m e l a n e ,  p y r o l u s i t e ,  mnganite . g r o u t t t e ,  hausmanniteJ 

are known in minor quantities throughoUt the extensive sedimentary i~n 

deposits to the ~st, the s i l i ca tes  which we discuss i n  t h i s  study have 

n e v e r  been recorded fx~ t h ~ e .  

We report herein on two curious species, both basic calcinm ~ng~nese 

( I I I )  silicates, which are not rare locally: one, macfallite, is new t o  

$ c i a t i f i c  i n t e l l i g e n c e  and t h e  o t h e r ,  o r i e n t i t e ,  has  h i t h e r t o  been  r e c o r d e d  

only ~zom the Orlente Province i n  Cuba where it occurs locally in minor 

ammmt s. 

The manganese ores a~d associated sllica~es from b~nganese Lake be~r 

a striking resmbinnee, texturally and mineralogically, to those described 

MOORE E T  AL. 

f r c ~  t h e  o r i e n t e  P r o v i n c e ,  Cuba, i n  t h e  o r i g i n a l  s t u d y  on o r i e n r i t e  by 

Hewet t  and S h ~ n o n  ( 1 9 2 1 ) .  These  d e p o s i t s  occu r  w i t h i n  an  5000 to  lOOO 

f o o t  deep  t r o u g h  o f  bedded v o l c a n i c  b r e c c i a s ,  t u s  w i t h  a n d e s i t e  and l a r i t e  

f lows  and l i m e s t o n e s ,  a l l  o f  Eocene a g e .  The o r l e n r i t e  o c c u r r e d  i n  a group 

o f  d e p o s i t s - - t h e  Cos ta ,  Manuel  and  V i c e n t e  claims--6 m i l e s  sou th  o f  

8 u e y c i t o ;  and f ~ m  t h e  g r e t a  Rosa p r o s p e c t  n e a r  genes .  The m ~ t r i x  i s  a 

g l a s s  wh ich  i s  a l t e r e d  n e a r  t h e  o r e  b o d i e s ;  t h e  manganese  o x i d e s  and 

s i l i c a t e s  were  d e p o s i t e d  i n  t h e  t o f f s  t h r o u g h  r e p l a c e m e n t  o f  t h e  g l a s s y  

m a t r i x .  The o r d e r  o f  d e p o s i t i o n  was:  f e r ~ u g i n o u s  j a s p e r  { " b , y a l e " ) - -  

gl auconit e (7) - -psi lOmelane -plume se manganit e-befit e-or ient it e -m~ganine 

(prims)-Quartz-zevlites-calcite. ~n order of decreasing abundance, the 

mang~ese mimesis are psilomeimne, manganlte, pyrolusite, wad, n~tocite, 

orientite. It ~s concluded that the minerals were deposited by warm 

hy~ogene w a t e r s .  

Park (1942) noted that the jasp~ and ~ganese oxides deposited on 

the crests of arches and concluded tWat they w~re gormed by ascending 

solutions during the last stage ~g the emplacement of the Eocene volt,its. 

Psilomelanes containing up to 5% bari~ were noted. Ore from the Lucrecia 

prospect contained D.255 Co. Pi~ntite wee a~su f~nd associated wlzh 

manganese oxides from Siena and from a deposit ne~ the city of Camaguey. 

Oraunite occurs as a minor constituent of the ores and rhodochrOsite is 

very ~re. Park and Cox (1944) also note the ~currence of ranci~ite as 

a minor constituent of some ores. 

Simons and $ t r a c z e k  ( 1 9 5 8 ) ,  i n  a n  e x h a u s t i v e  s c c o tm t  o f  t h e  O r t e n t e  

manganese  d e p o s i t s ,  n o t e  t h a t  t h e  o r e s  o c c u r  i n  t h e  Cobra F o r m a t i o n  o f  

middle Eocene age. The pres~oe o f  calcareous rocks (fossilife~s flint- 

stones) is an important factor In their distribution. The ores appeared 

to have formed shortly after deposition of matrix material and were 

probobly introduced through voltaic vents. Psil0~elane is the most 

common ore; pyTolusite, also aknedan~, ~s derived from the psil~l~ne. 

Other species mentioned as occurrlng in smaller amounts are the oxides 

haust~mnite, ranci~ite, wad; and the silicates be~entite, neotoclte, 

braunite, inesite, orientite, pi~monlgte. Their occ~1-re~es ate sporadic 

and usually confined to only a few locations. Quartz is everywhere very 

rare. The most abundant of the psllomelanes is "delato~reite" (= todorok- 

Ire). 

The manganese silicates from Manganese Lake all contain minor (D.x- 

x.g%} copper ,  vs~edium, ~d ch~i~, and trace a~o~nts (<o.oxgj of silver, 

titbit, and gallitm. They and the oxides occur as blabs, pltmose 

aggregates, fine-grained stringers and fr~boidal aggregates wholly within 

the calcite gangue .  Free silica, either as ~orphous m a t e r i a l  or as quartz, 

is exceptionally rare and is p~acticBlly confined t o  sm$11 quartz grains 

occasionally ~curring in tight masses of manganiee. 0s t h e  silicates, the 

orientite appears to be the earliest mineml; it o f t ~  occurs as millimetre, 

sized epheroidul-platy aggregates surrounded by braumite grains, forming 

dendritic to plumose aggregates in the calcite. Free crystals are rare 

~d wh~ they do occur, appear in s~all open cavities containing remnant 

calcite ~d wholly surrounded by the braunite. Figure 1 shows a typical 

exampim of ~he braunite which occurs adjacent to enclosing ~lcite. The 

grains fo~ beads and stringers of tiny (<0.1 ~) lustroas crystals sho~d~g 

e_{011} which follow alnng cleavage planes and joints in the calcite. 

The most abu~d~t oxide is pyrolusite which occurs as steel-grey 

acinuinr crystals up to I cm in length. It charact~istically occurs as 

radial aggregates and sprays, as islands of knot-likn forms in flne-grained 

macfalllte and as a buzd~rimg of clots of macfallite. O~casional crystals 

of macfallite ate replaced by this mimeral which in turn oft~ projects 

into op~ cavities. The pyrolusite is soft ~d crushes into a deep grey 

powder. Manganite occurs as a hard, d~se, black, fine-grained mineral. 

%Died dune 6 ,  1978.  
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M A C F A L L I T E  A N D  O R I E N T I T E  

- -  P o l i s h e d  s e c t i o n  i n  r e f l e c t e d  l i g h t  f rom Manganese Lake ,  

Michigan. The white is fissure calcite. Black grains along 

joints and cleavage traces are braunite crystals. The 

greyish material toward the top is orlentite and m i n o r  

b r a u n i t  e .  

The o r i e n t i t e  o c c u r s  most  f r e q u e n t l y  i n  a s s o c i a t i o n  w i t h  t h e  m a n g a n i t e  

and a p p e a r s  t o  be  l a t e r  t h a n  t h a t  o x i d e .  The m a n g a n i t e  c ~ s h e s  i n t o  a 

d a r k  c h o c o l a t e  ~ w u  powder .  B r a u n i t e  much r e s e m b l e s  t h e  m a n g a n i t e  i n  

a p p e a r a n c e .  I t  o c c u r s  o f t e n  as  l i m e - g r a i n e d  c o k e - l i k e  masses  and open 

c a v i t i e s  a r e  f r e ~ e n t l y  s tudded  w i t h  t h e  s m a l l  p s e u d o - o c t a h e d r a l  c r y s t a l s  

o f  t h i s  m i n e ~ l .  The b r a u n i t e  c r u s h e s  t o  a deep b r o w n i s h - b l a c k  powder ,  

~ c h  d a r k e r  t h a n  and e a s i l y  d i s t i n g u i s h e d  f rom m a n g a n i t e .  These ,  and o t h e r  

samples, w e r e  p o s i t i v e l y  i d e n t i f i e d  by X - m y  p o a d e r  d i f f r a c t o m e t r y .  

H a c f a l l i t e  i s  by  f a r  t h e  most abundan t  s i l i c a t e  in t h e  a s s e m b l a g e .  

I t  occu r s  as  s o l i d  c o @ a c t  masses  o f  c h o c o l a t e  b r o ~  c o l o r  t o  t h i c k  f i b r o u s  

a g g r e g a t e s  o f  a d a r k  r e d d i s h - b r o w n  c o l o r .  The v i o l e t  t i n t  so c h a r a c t e r i s t i c  

o f  p i ~ o n t i t e  i s  e n t i r e l y  l a c k i n g .  S i n g l e  c r y s t a l s ,  r a r e  and i n v a r i a b l y  

t w i n n e d ,  u s u a l l y  d e v e l o p e d  on a g ~ d a a s s  o f  compact m a c f a l l i t e  and l i n e  

open c a v i t i e s .  I t  i s  p a r t i c u l a r l y  abundan t  where  t h e  manganese  o x i d e  b l e b s  

a r e  i n  c o n t a c t  w i t h  t h e  c a l c i t e .  H e r e ,  t h e  m i n e r a l  o c c u r s  a s  c o a r s e  f i b r o u s  

masses  p r o j e c t i n g  i n t o  open c a v i t i e s  wh ich  a r e  u s ~ l l y  f i l l e d  w i t h  c l e a r  

c a l c i t e  o r  s t udded  w i t h  s i m p l e  rhombohedra  o f  t h e  c a r b o n a t e ,  c l e a r l y  o f  a 

l a t e r  g e n e r a t i o n  t h a n  t h e  f i s s u r e  c a l c i t e .  M a c f a l l i t e  and p y r o l u s i t e  o f t e n  

occu r  t o g e t h e r  a s  i n t e r l o c k i n g  a g g r e g a t e s  o f  f i b r o u s - r a d i a l  ~ s s e s .  Both  

a p p e a r  t o  h a v e  c r y s t a l l i z e d  a b o u t  t h e  same t i m e .  

Thin sections and hand  specimens w e r e  studied i n  d e t a i l  In order to 

establish the paragenetic sequence. There is clearly an overlap in the 
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sequence  o f  c r y s t a l l i z e d  p h a s e s  s u g g e s t i n g  t h a t  o x i d e s  and s i l i c a t e s  

c r y s t a l l i z e d  a t  abOUt t h e  same t i m e .  The c a l c i t e  gnngne o r  f i s ~ r e  c a l c i t e  

(which i n d i v i d u a l s  o c c u r  a s  c o a r s e  c r y s t a l l i n e  masses  up  t o  s e v e r a l  c e n t i -  

m e t e r s  a c r o s s )  appea r s  t o  h a v e  b e e n  e @ l a c e d  f i r s t  and s u b s e q u e n t l y  r e p l a c e d  

by t h e  manganese  m i n e r a l s .  P a r t i c u l a r l y  when t h e  c a l c i t e  masses  come i n  

c o n t a c t  w i t h  t h e  manganese  o x i d e  and s i l i c a t e  h l e b s ,  an  abundance  o f  s ~ l l  

open c a v i t i e s  a p p e a r .  U n l i k e  t h e  O r i e n t e  o c c u ~ e n c e s ,  no  e q u i v a l e n t  t o  

t h e  f e r ~ g i n o u s  j a s p e r  c o u l d  be  found  s u g g e s t i n g  t h a t  i n t r o d u c e d  s i l i c a  

m s  c o n ~ e d  i n  t h e  r e a c t i o n  o f  o x i d e s  - -  p a r t i c u l a r l y  m a n g a n i t e  - -  t o  

form s i l i c a t e s .  The sequence  i s :  ( e a r l y )  f i s s u r e  c a l c i t e ~ a n g a n i t e -  

o r i e n t i t e - b r a u n i t e - ~ c f a l l l t e ,  p y r o l u s i t e - c a l c i t e  ( c l e a r  rhombohedra) . "  

P s i l ~ e l a n e ,  t o d o r o k i t e ,  r a n c i e i t e ,  m a r o k i t e ,  h e m e n t i t e  and n e o t o c i t e  w e r e  

sought  b a t  n o t  found .  S e v e r a l  unknown m i n e r a l s  h a v e  been  r e c o g n i z e d  b a t  

t h e y  occu r  in t r a c e  q u a n t i t i e s  o n l y  and  h a v e  so f a r  r e s i s t e d  f u r t h e r  

i n v e s t i g a t i o n .  The o n l y  e x c e p t i o n  i s  a v e r y  s p o r a d i c  e m e r a l d  g r e e n  m i n e r a l  

wh ich  o c c a s i o ~ l l y  o c c u r s  i n  t h e  c o r e s  o f  o r i e n t i t e - b r a u n i t e  f r a m b o i d s .  

The g r a i n s  o f  t h e  m i n e r a l  r a r e l y  exceed O. l  ~ i n  d i m e n s i o n  and a p p e a r  t o  

r e p l a c e  ~ e a r l i e r  formed m e t a l l i c  m ~ e r i a l ,  t h e  l a t t e r  i d e n t i f i e d  a s  

n a t i v e  copper  on t h e  b a s i s  o f  a G a n d o l f i  mount  powder p a t t e r n .  The g r e e n  

m i n e r a l  m s  p o s i t i v e l y  i d e n t i f i e d  as  c o n i c h a l c i t e  on t h e  b a s i s  o f  powder 

and X-ray single crystal study. 

Dr.  L. L. Babcock has  b rough t  t o  o u r  a t t e n t i o n  some o b s ~ a t i o n s  

which may shad light on the manganese oxide deposits, Pis~re deposits 

which  ~ c u r  n e a r  t h e  G r e a t  c o n g l c ~ e r a t e - l ~ a  s e r i e s  c o n t a c t ,  ~ c h  a s  a t  

Owl Creek  and Copper F a l l s  d e p o s i t s  ( i n  t h e  Ashbad l o d e ) , a r e  n o t e d  f o r  

t h e  u n u ~ a l  abundance o f  g r a n u l a r  d a t o l i t e ,  a m i n e r a l  wh ich  a l s o  o c c u r s  

i n  abundance  i n  t h e  E a s t  v e i n  amygda lo id  a s s ~ b l a g e  wh ich  i n c l u d e s  t h e  

C l a r k  and S t a r  m i n e s .  The t m u s u a l  abundance  of t h i s  b a r o s i l i c a t e ,  c o n f i n e d  

t o  f i s s u r e  d e p o s i t s  a l o n g  t h e  G r e a t  c o n g l o m e r a t e ,  s ~ g g e s t s  t h a t  l a t e - s t a g e  

f l m a r o l i c  a c t i v i t y  p l a y e d  a r o l e  i n  l o c a l  m i n e r a l i z a t i o n  o f  t h e  f l o w s .  

Dr .  Babcock has  a l s o  p r o v i d e d  u n p u b l i s h e d  r e s u l t s  on  l o c a l  o c c u r r e n c e s  o f  

~ s c o e l l t e  c o n t a i n i n g  15-17% V205 and  1-5% CrzO~ a t  D a n ' s  P o i n t  w e s t  o f  

Copper Harbor  and f u c h s i t e  w i t h  1 . 5 - 4 . 0 %  CrzOs and 1% ~ VzO~ f ~ n d  

northeast o f  Gay and T r a v e r s e  I s l a n d  i n  Keweenaw Bay.  These  m i c a s  occu r  

w i t h i n  b l e a c h e d  J o i n t s  i n  r edbed  s a n d s t o n e s .  Dr .  Babcock i s  o f  t h e  

o p i n i o n  t h a t  t h e s e  e l e m e n t s  w e r e  c o n c e n t r a t e d  d u r i n g  o x i d a t i o n  and 

a l t e r a t i o n  o f  t h e  flow tops  a s  Dr ,  v and Ym a r e  c o n c e n t r a t e d  (180 -  

9000 ppp) i n  m a g n e t i t e s ,  i l m e n i t e s  and  a u g i t e s  a s s o c i a t e d  w i t h  t h e  f l ows  

( C o r n ~ l l  and Rose, 1957) .  We c i t e  t h e s e  o b s e ~ a t f u n s  s i n c e  t h e s e  e l e m e n t s  

a r e  a l l  p r e s e n t  i n  t h e  manganese  o x i d e - s i l i c a t e  d e p o s i t s  and i t  does  n o t  

a p p e a r  n e c e s s a r y  t o  i n v o k e  a n  e x o t i c  sou rce  f o r  them,  a l t h o u g h  t h e  mech-  

~ i ~  f o r  t h e i r  c o n c e n t r a t i o n  i n  t h e  manganese  d e p o s i t s  i s  n o t  c l e a r .  

The d e n d r i t i c  t o  p l ~ o s e  t e x t u r e s  o f  t h e  manganese  m i n e r a l s  i n  t h e  

c a l c i t e ;  t h e  h i g h  p p r i t y  o f  t h e  c a l c i t e  ( con f i rmed  by e l e c t r o n  p robe  

a n a l y s i s ) ;  t h e  p r e s ~ c e  o f  m i n o r  t o  t ~ c e  Cu, V, Cr ,  A t ,  and Ca;  t h e  

i m p o v e r i s ~ e n t  o f  Mg and A1; t h e  a p p a r e n t  l a c k  o f  r e a c t i o n  o r  exchange  

be tween  t h e  ~ y g d a l o i d a l  b a s a l t  and t h e  m i n e r a l s  i n  t h e  c a l c i t e  f i s s u r e s ;  

and t h e  s u b o r d i n a t e  amount  o f  ~ ( I I )  a l l  s u g g e s t  t h a t  t h e  manganese  o x i d e  

and s i l i c a t e  po~s and s t r i n g e r s  were  f u ~ e d  by  r e p l a c e m e n t  o f  t h e  f i s s u r e  

c a l c i t e ,  f rom s o l u t i o n s ,  p r o b a b l y  f u m a r o l i c  i n  o r i g i n  u n d e r  c o n d i t i o n s  o f  

h i g h  oxygen  ~ u g a c i t y .  I n  a l l  l i k e l i h o o d ,  t h e s e  S ~ a l l  d e p o s i t s  may r e p r e -  

s e n t  a l a t e  s t a g e  s o l u t i o n  f rom wh ich  i r o n  was e a r l i e r  removed t h r o u g h  

h y d r o l y s i s .  The r e l a t i o n s h i p  o f  t h e  c a l c i t e - f i l l e d  f i s s u r e s  t o  t h e  

b a ~ i t s  wh ich  t h e y  c u t  i s  n o t  known, n o r  i s  i t  p o s s i b l e  t o  a s s e s s  when 

t h e  e v e n t  o f  manganese  m i n e r a l i z a t i o n  t o o k  p l a c e ,  e x c e p t  t o  c o n c l u d e  t h a t  

i t  p o s t d a t e d  t h e  emplacement  o f  t h e  b a s a l t s  and  c o n g l o m e r a t e s .  

Why a r e  t h e  m i n e r a l s  ~ c f a l l i t e  and  o r i e n t i t e  o f  r e s t r i c t e d  o c c u r r e n c e ?  

I t  would a p p e a r  t h a t  t h e  c o n d i t i o n s  f o r  t h e i r  f o r m a t i o n  i n v o l v e  e i t h e r  imw 

t e m p e r a t u r e  o r  the l a c k  o f  m a j o r  a l u m i n a  o r  b o t h  i n  t h e  s y s t ~ .  
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T a b l e  1 .  C r y s t a l  p a r a m e t e r s  o f  ~ e f a l l i t e ,  o r i ~ t i t e  and r e l a t e d  m i n e r a l s  w i t h  ~ + .  

HacFallite Pimmontite 

1 2 3 4 

a(~) 8.920(6) 8.859(3) 9.042(4) 9.04 

b(~) 6.045(5) 5.712(3) 6,090(2) 6.08 

e(~) 10.905(7) 10.200(4) 18.990(7) 19.14 

8(dog.) 1 1 9 . 1 0 ( 3 )  ~ I15.66(3) 90 90 

Space Group P21/m, p21 P21/m Cemm CC~ 

Z 2 2 3 2 

1 .773 (5 )  1 . 765 (5 )  1 . 756 (2 )  

B 1.795(5) 1.79[]) 1.777(2) 

T 1.815(5) l.gl(1) 1.794(2) 

2V v~y l a r g e  l a r g e  68-83*  

s i g ~  + o r  - �9 o r  - 

yellow yelimw-gr~n bro~i~h-yellow yellow 

8 light b~wn grey-violet r e d d i s h - b r ~  yellow-brown 

y dark bro~ p u r p l e - r e d  deep brownish-red red-brown 

O r i ~ t a r  y l l b  811b a l i a ,  V l l b  ~ I l a ,  v l l b  

D i s p e r s i o n  r<v s t r o n g  

O r i e n t i t e  A r d e n n i t e  B e l ~ a n i t e  S a n t a f e i t e  

5 6 7 

8 .71  5 . 4 4 6 ( 5 )  g , 9 2  9 . 2 5 ( 2 )  

5.81 19.25(1) 6,21 30 .00{2)  

18.52 5.428(3) 19.25(1) 6 . 3 3 ( 2 )  

90 110.29(4) ~ 90.27{4) 90 

prm~n P21 C2221 B2212 

2 2 4 2 

1.690(i) 2.01 

1.729(1) 

1 . 7 5 0 ( 1 )  

72* 

light red deep red-brown 

pale yellow 

deep red  AbSOrpt ion 2>~>~ 

e=c ,  7 : b - 2 "  

r<v  d i s t i n c t  

IThim study. Lake Manganese. Michig~. Cell edges refined from powder data. 2Anastasimu ~d Longer (1977). 

3This study. Lake Manganese, Michigan. ~Moore (1965). 5A11ma~ and Donnay (1971). 

6Kampf and Moore (1976). The pseudo-orthorhombic cell to the right is converted from the primitive monocllnie cell, The optical data 
are from Hurlbut ~d Aristarain (1968), the ori~tatimn corresponding to the ps~do-orthorhombic cell. 

7Sun and Weber (195g). 

A n a s t a s i o u  ~ d  Longer  (1977) d i d  n o t  e n c o u n t e r  t h e ~  d a r i n g  s y n t h e s i s  o f  

pi~ontites in t h e  system CaO-A120s--(RnO-~n02)-6i02-4%0 a t  P = IS kb, T = 

8006C, go2 = MnzOs/MnO2 buffer. Furthermore, they obtained as an upper 

limit of ~+ solution, All.iMnl~.g, in t h e  piemontite. The u~al presence 

of alumina in m~t~orpbics, metasediments, skags and veleanics which 

comprise the geological e~ironments of piemontdtes may preclude the fo~a- 

tion og macfallite a~d orientite, which appear to be phases os 

exclusively ~n al~ina-~r assemblages. 

E~pe~i.v, gn~Z Set,on 

P~ysi~Z ppope~e8. M a e f a l l i t e  is rich reddish-brown (fibrous 

aggregates) to maroon (needles) in color, lacking the violet tint charac- 

teristic of the piemontites. Compact massive material is chocolate bro~ 

to dull pink in extremely fine-grained material. The crystals, which are 

t h i n  p r i s m a t i c  p a r a l l e l  t o  [ 0 1 0 ] ,  r a n g e  f rom O.1 t o  1O ~ in l e n g t h  ~ d  

O.O2 to  0 . 2  ~ i n  t h i c k n e s s .  The s t r e a k  and  ponder  a r e  b r o ~  w i t h  a 

r e d d i s h  t i n t .  The h a r d n e s s  i s  5 §  cleavage {OOl} p e r f e c t .  C r y s t a l s  a r e  

invariably twinned by reflection on (i00}, often repeatedly. The luster is 

silky (in fibrous ma~ses) t o  subadamantime (crystals). Specific gravity, 

determined by sink-float in Cl~rici solution, is 3.43(2). ~e mineral is 

only slowly soluble in 1:1 HCI solutimn at room temperature and rather pure 

material can be cleansed of the m~ganese oxides by this method, lts 

typical appearance in hand specimens are radial aggregates of tightly 

packed  thin prismatic crystals. 

Orientite is ~zbid chOcolate b r o ~  for platy material but free- 

st~31ding crystals are tr~sparent and rich reddish-brown in color, and range 

up t o  0 . 5 5  ~ i n  g r e a t e s t  d i m e n s i o n .  The s t r e a k  and powder a r e  b ~ w n .  

The c l e a v a g e  o r  p a r t i n g  i s  p e r f e c t  {O01}; o b s e ~ e d  f o ~ s  a r e  m ( l l O ) ,  

e{OOl) ~ d  p o o r l y  d e v e l o p e d  to  a b s e n t  ~{I0O}.  The c r y s t a l s  a r e  t h i n  to 

t h i c k  t a b u l a r  p a r a l l e l  t o  {001}.  T h e i r  a p p e a r ~ e e  d i f f e r  (owing t o  

r e l a t i v e  f a c i a l  s i z e )  f rom t h e  more p r i s m t i c  deve lopment  f o r  c r y s t a l s  

f rom ~he O r i e n t e  Province. The specific gravity is 3 . 3 3 ,  measured in 

methylene iodide, ~d therefore crystals r~ain perfectly suspended in 

that liquid at 21,0"C. At first, the mineral was believed to be a new 

s p e c i e s  s i n c e  t h e  p h y s i c a l  p r o p e r t i e s  d e p a r t  s i g n i f i c a n t l y  f rom t h e  t y p e  

o r i m a t i t e  and s i n c e  t h e  {0Ol} c l e a v a g e  o r  p a r t i n g ,  w e l l - d e v e l o p e d  and 

persistent in Mlehlgan material hut poorly produced in Cuban material, 

imparted preferred orientation effects on diffractomet~ traces which led 

to distinctly different patterns between samples from the two oeeu~ees. 

Cuban o r i e n t i t e  i s  t y p i c a l l y  p r i s m a t i c  p a r a l l e l  t o  [0Ol] and p r e s e n t s  a 

p seudohexagona l  ~ t l i n e  owing t o  e q u a l  deve lopmen t  o f  a ( 1 0 0 }  and m { l l 0 } .  

I n  a d d i t i o n ,  t h e  s p e c i f i c  g r a v i t y  f o r  t h e  Cuban m a t e r i a l  i s  d i s t i n c t l y  

l ower  a l t h o u g h  t h e  o r i g i n a l l y  r e p o r t e d  v a l u e  o f  3 .05  (Hewet t  mad Shannon,  

1921) may be  low. R e d e t e m i n a t i o n  by s i n k - f l o a t  i n  m e t h y l e n e  i o d i d e -  

t o l u e n e  m i x t u r e s  l e d  t o  3 . 1 5 ( 4 )  f o r  o u r  m a t e r i a l  f rom Cuba.  

P h y s i c a l  d a t a  f o r  t h e  two s i l i c a t e  m i n e r a l s  a r e  s u ~ a r i z e d  i n  

T a b l e  I .  I n  a d d i t i o n  d a t a  f o r  r e l a t e d  p h a s e s  a r e  a l s o  p r e s e n t e d .  These  

phases possess one 5.7-6.3~ axis which in the known structures is the 

d i r e c t i o n  o f  ~ ' §  e d g e - s h a r i n g  d l s t o r ~ e d  o c t a h e d r a l  c h a i n s .  I t  i s  a l s o  

t h e  d d r e c t i o n  o f  m a s t  i n t e n s e  op%ica l  a b s o r p t i o n  and u s u a l l y  t h e  d i r e c t i ~  

of hlghest refractive index (the indzeea for santafeite are stated only 

for ~ which is the most intensely absorbing direction). This phenomenon 

is akin to the fr hydroxo-bridged sulfate corner-chain structures, the 

chain directi~ also being the most intensely eoloured and with the 

g r e a t e s t  i n d e x  o f  r e f r a c t i o n  (Wan e t  e l . ,  19789.  

X-~a~ er~stalZograp~ 

Maefallite crystals are invariably twinned by reflection on {lOO} 

but the two reciprocal lattices were resolved without difficulty. Single 

c r y s t a l  r o t a t i o n ,  Weimsenberg,  and B u e r g e r  p r e c e s s i o n  p h o t o g r a p h y  

established the crystal cell in Table I. The final data were obtained 

f rom l e a s t - s q u a r e s  r e f i n e m e n t  o f  41 u n a m b i g u o u s l y  i nde xe d  powder r e f l e c -  

t i o n s  obtained from CuK~ radiation with graphite monochromator, sc~ speed 

I/2 ~ mim -I in 20. The pwder data were corrected for ab~rption effects 

~ d  ate reported in Table 2. To c o ~ e c t l y  assign indices, precession 

photographs of the k_ = 0-  through 4-1evels were used zo match intensities. 

Preferred orientation ~hancr the (00g) reflections but since the 

stlucture is not accurately known, it is not presently possible to assess 
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Table 2. X-ray powder data f o r  macfallite. 

I(obs) ;d(obs) d(calc) hkg I(obs) d(obs) d(calc) hks 

50 9.490* 9.528 001 30 2.227 
20 8.346 8.346 [01 20 2.214 
25 7.803 7.802 100 70 2.181 
30 5.398 5.398 [02 lO 2.102 
10 4.961 4.967 If1 g0 2.09] 
90 4.763* 4.764 002 5 1.922 
55 4.457 4.447 ~01 30 1.905" 
i0 4.175 4.175 202 5 1.870 
80 3,904 3.001 200 5 1.812 
15 3.616 3.620 103 l 0  1.754 
70 5.400 3.403 203 lO 1.70I  

3.397 102 lO 1.663 
5 3.269 3.278 210 lO 1.641 
25 3.116 3.117 201 10 1.636 
70 2.971 2.961 I12 85 1.588" 
25 2.895 2.891 501 19 1.560 
15 2.787 2.782 $03 15 1.556 

lOO 2.699 2.699 ~04 5 1.540 
20 2.667 2.665 312 5 1.515 
I0 2.633 2.637 [22 10 1.483 
1O 2,556 2.552 022 5 1.449 
10 2.485 2.484 202 5 1.394 
15 2.449 2.448 ~22 15 1.352 
15 2.443 2.442 [14 5 i+336 
45 2.381 2.389 310 I0 1.271 
5 2.269 2.268 314 

2.224 ~02 
2.216 014 
2.181 ~08 
2.102 I05 
2.089 ~21 
1.923 302 
1.906 005 
1.871 024 
1.814 ~15 
1.757 ~02 
1.70I 053 
1.663 [16 
1.639 420 
1.635 214 
1.588 006 

*Reflections enhanced by (0Ol) cleavage. CaK~ radiation, graphite mono- 
ch~mator, scan sp~d �89 min.l. The sample was c o ~ e c t e d  f o r  absorption. 

the contribution by this effect. 

The same e~perim~nt was reputed for orientite. Manganese Lake 

material has a persistent cleavage or parting on (OOI), t h e r e f o r e  t he  

r e f l e c t i o n s  of t ype  (OOs are enhanced. O r i e n t i t e  f~ Bueycito was also 

~ined in this manner bet since the parting is essentially absent, the 

int~sities are q u i t e  different. Comparison of single crystal photographs 

of the two materials failed to r~eal any major differences between the. 
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These data as well as previ~s17published results are presented in Table g. 

Knowledge of the detailed atomic arrang~ents of macfallite and 

orientite will pe~it a more detailed assessment o f  the powder data and 

further discussion is deferred until the st~ctures are fo~allykno~. 

Cbe~Z ~naZyse8 

Both macfallite and o r i e n t i t e  from Manganese Lake were chemically 

~alyzed. Diffi~Ity was encountered in searing enough ori~tite for 

the wet ch~ical study and we were forced to obtain electron probe 

~alyses for this material. The macfallitr was ~alyzed by wet ch~ical 

techniques (J. Ire) and by electron probe (g. He~ig). Utilizing a solid 

state detector ~d a detailed correction progr~ SSOLID (developed by I. M. 

Steele), it was possible to obtain three indep~dent dete~inations on 

orientite and six on ~cfallite. St~dards included Gore Mountain gaxnet 

(Ca,Mg,Al,ge,Si), a Mn-rich horgonolito (Me), and a plagioclase glass 

(g,Na). In addition to these el~ents, minor Ca, V and S were detected. 

These were called from a file of minor el~ents and since st~dards were 

not employed during the present ~ns, uncertainties in their correctic~s 

lead to possible e~rors which we estimate to he as high as • of the 

reported values. The analytical results are presented in Table 4. 

Macfallite ~d orientite from Manganese hake consistently show the 

presence of V and Ca'which range up t o  2,24% for V20s and 2.58% for CaO. 

We s u s p ~ t  t h a t  V ~ b s t i t u t e s  f o r  S i  ~+ as V s+ i n  t e t r a h e d r a I  c o o r d i n a t i o n  

and Ca substitutes for~ a+ as Ca2+ the latter which exhibit the s~e kind 

of Jaha-Teller distortion (d ~ and d s configurations respectively). In 

addition, S was f~nd, r~ging up to 1.24% SOn which we believe substitutes 

for Si 4§ Iron is noteworthy in its relative absenc~ in Manganese Lake 

samples. Although edumin~ is virt~lly absent in Manganese Lake ori~tite, 

i t  r~ges from 5.95% to  8.45% Al2Os in maefallite, r~rthermore, qualitative 

inspection of macfallite crystals from different samples shows a considerable 

range in the amount of this component. Unfortunately, since samples'could 

Table 5. X-ray powder da t a  f o r  o r i e n t i t e s .  

1 2 g 4 

I(obs) d(obs) d(calc) hkg I(obs) d(obs) l(obs) d(obs) ~(obs) d(obs) 

10O 9.448* 9.495 002 75 9.479 7 9.58 50 9.42 
? 25 5.89 

1O 5.059 5.051 ii0 1O0 5.042 9 5.06 50 5.05 
4.881 l l I  15 4.871 3 4.908 

10O 4.740" 4.747 004 15 4.750 1 4.783 10 4.77 
25 4.509 4.521 290 45 4.504 5 4.520 
15 4.388 4.398 201 75 4.383 9 4.594 60 4.40 
55 4.070 4.082 202 60 4.070 5 4.080 B0 4.07 
2 3.927 3.948 I13 is 3.950 i0 3.93 

? 15 5.893 
5 3.669 3.679 203 15 3.689 10 5.69 

? 3 3.481 
g,459 114 g 3.463 1O 3.42 

7 3 3.398 
30 3.270 3.274 204 45 3.270 6 3.290 50 3.26 
45 3.026 3.036 115 75 5.040 7 3.059 75 3.05 
8 2.893 2.900 022 45 2.901 5 2.914 40 2.90 

? i0 2.78 
15 2.696 2.701 gl0 75 2.688 i0 2.7dd 1O0 2.68 
15 2.675 2.682 116 45 2.066 5 2.670 
15 2.580 2.595 206 15 2.592 3 2.606 
lO 2.559 2.563 024 30 2.567 4 2.578 50 2,58 

5 2.521 2.526 220 100 2.525 2 2.537 50 2.51 
5 2.437 2.441 222 30 2.440 4 2.452 20 2.44 

? 2 2.410 
lO 2.372 2.389 117 15 2.347 6 2.357 50 2.34 

2.348 314 
2.326 207 

10 2.239 2.230 224 15 2.232 3 2.244 30 2.23 
2.201 315 10 2.19 

5 2.101 2.103 225 5 2.115 28 2 . I0  
2.102 2O8 2 2.068 20 2.05 

1Manganese Lake. CU~ ( g r a p h i t e  monoebromator), 1/2 ~ min - ] .  A d d i t i o n a l  l i n e s  > 10:1 .584/45 
( t he  00.12 r e f l e c t i o n ) .  S ~ p l e  was no t  c o ~ e c t e d  f o r  a b s o r p t i o n .  There e x i s t  45 independent  
r e f l e c t i n g  p l i e s  to  d ( c a l c )  = 2 . 1 0 2 L  The 19 not  l i s t e d  a r e  a l l  I ( c a l c )  < 0 .8 .  A l l  
r ~ a i n i n g  l i n e s  < 2.102~ have I ( c a l e )  < 7. R e f l e c t i o n s  enhanced by (901) c l eavage  o r  p a r t i n g  
a r e  s t a r r e d .  

2Bueyedto, Oriente Province, C~ba. CuK~ (graphite monochromator), 1/2" min "] . 

~Moore (1965). Six additional lines were reported for d(obs) < 2.0~. 

4Solar (1961). Thirty-eight additional lines were reported for d(obs) < 2.0~. 

*Reflections enhanced by perfect (0Ol} farting in Manganese Lake material. 
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Table 4. O r i e n t i t e  and macfallite: chemical a n a l y s e s  

1 2 3 4 5 6 7 

K~O 0,09(0.00-0,14) 0.12 0.08(0.00-0.14) 

CaO ~0,25120.05-20.42) 20.47 20.I~ 22.24 19.75 20.04(19.02-20,~8) 20.16 

MgO 0.46(0,56-0.61) 0.39 nil 

~O 12.75 0.69 

CuO 2.09(1.54-2.58) 1.13 1.54(1.19-1.94) 

AIIO~ nil 1.08 3.95 7.95(7.26-8.45~ 

V~Os 0.06(0.~7-1.5~) 0.28 0.71(0.00-2.24) 

~hngO~ 53,64(55,48-33.88} 33,I9 28.53 51.31 35,96 27.48(25,98-29.12) 42.57 

FezOs nil 1.56 0.18 nil 

sio~ 31.21(50.63-52.03) 33.48 32,55 30.74 32.04 51~85(31.14-52.55) 32.42 

so~ 1.00(0.69-1.24) 0.47(0.36-0.60) 

H20 [7.95] 7,95 6.46 10.71 5.39 [5.39[ 4.85 

Total 97.63 98.71 I00.00 100.00 99.94 95.49 100.O0 

Ord~ee: 

IManganese Lake. k .  Hervig, analyst. Average of three. 

20~iente, Cuba, Hewett and Shorten (1921). £. V. Sh~non, analyst. Average of three. 

3Computed from Ca~+Ma~+{OH)~[SigOI0]. The density is 3.54 g cm "~. 

~Computed from Ca~+[OH)2[Si~OI~]-2H~O. The density is 3.20 g cm -~ , 

~ a ~ P a Z 2 ~ :  

5Manganese Lake. J~ Ito, analyst. Includes Na~O 0.05%, Cr20~ 0.03% and T£02 (trace~. 

6 Do. . R. He~ig, ~alyst, Average of six. 

7Computed from CazMn|+(oH)~[sio~] [Si~07]. The density is 3.59 g cm -~. 

not be teetered in place, we cannot offer further comments on its distri- 

bution with respect to the settings of the samples ~ 84tu. The results 

on our orientites fr~ Manganese Lake are seen to be in good agreement with 

the earlier analysis of Hewe~t and Sha~on (1921) on OTiente Pr~ince 

material. 

CI~mq, c~z~ fo~7~: propbt~ed et~'ucgu, cz.es. With the cells and chemical 

data at h~d, we are now in a position to propose formula units for mac- 

fallite and orientite. Macfallite's cell and composition suggested that it 

may be isomorphic to the elinozoisite structure type. To test this, we 

isomorphically ~bstitutad the appropriate cations into the clinozoisite 

attic positions (see Dollase, 1968, for the details of the clinozoisite 

structure), ~d calculated a powder patte~ for the mscfallite. The results 

clearly showed that the t~ are not is~osphie as hardly ~y agTe~ent 

existed between the caleulat~ and ohae~ed powder intensities. We there- 

fore concluded that macfallite is based on a structure type different th~ 

clinozoisite. 

Moore (1065) ~ggested that a st~cture relationship probably existed 

between orlentite ~d ardennlte. Indeed, ardennitets subst~cture shows 

affinities with the superg~up Ccmm (the sme space group as orientite] ~d 

the metrical properties of the cells for the two compounds are similar (see 

Table lJ. Although aede~ite possesses space group Prs~m, we ex~ined its 

structure for f~rther clues. Its structure was dete~ined by Oo~ay and 

AllmaRn [196g) who showed in a subsequent study (All~nn and Donnay, 1971) 

that it is related to pumpellyite. They disce~ed a sheet of st~ctare, 

the ab-pl~e, which is an isomoxIphic region between the two. We then 

placad this sheet ~d the loci of the screw ~es over the space group of 

oTientite. The result is a design which contains [$i30~0] trimeric units 

when one additional tetrahedron is added. The resulting structure is 

closely related to ardennite. Counting at~s in the formula unit for 

oxientite, we obtain the following likely compositions (Z = 4): 

CagMn~+Rn~÷(OH)~(Si~010) or Ca~OMn~÷(OH)~[Si~OI~[(H~O}~, where o is a 

vacancy. Note that both formulae conserve the s~e total oxygen contents 

as found in a~dennite. Employing the aedennite £o~la in Donnay and 

Allm~ (1068), the isomorphism is: 

Aedennit e [Mm2+] 2 [ (Mn ,Ca) ] 2 [ (AS,I) (OH) ] ~ [ (Ag_2} (OH) ] z 

[ (As, V)O2] [ (Si-I) ~ (Sg ,AI, Pe) 2010 (OH) z] [ (Si-2) 2 

(5i-3)Oz0] 

O~ientite [Ca] 2 [Ca] z [~a (OH) ] z lWm [OH) ] 2 [O(H20) z] 

[Si [i) zSi (2)oOz 0 (HgO) z ] [Si(1) 2Si (2) 01 el 

The major distinction between the a r d e r m i t e  and proposed orientite structure 

is the ~bstitution of a tetrahedr~ plus vacancy (si+n) for 2(Hg,A1,FeJ 

octahadra. The trial coordinates for the proposed orientite st~cture ~ 

used toward a cal~lated powder pattern. The agm~t is sufficiently good 

to warr~t seri~s conside~tion of the model. It is not presently possible 

to select bergen the two proposed end-m~ber compositions for orientite, 

nor does their comparison with the chemical analyses in Table 4 afford an 

obviOUs choice. The calculated density for Cag~|+(OH]z[Si~ol0](HzO}z is 

closer to the observed specific g~vities but the formula with partly 

filled vacancies gives a better fit with the ch~ical analyses. Clearly, a 

fomal structure analysis will be necessary to resolve this matter. 

~nccuraged, we repeated the study for mmcfallite by placing the 

simple sheet unit and the loci of the screw ~es on the space group of 

that comp~nd. A plausible structure model i~adiately appeared. This 

model, also based on 14 oxygens, is closely related to the structure of 

pumpelIyite and leads to the ideal end-member formula Cazk%a]÷(OH}~[SiO~] 

[5i~0~]. The isomorphic regions in brackets are: 

Pumpellyit e [Ca2 ] 2 [AI ~ (OH) z] z [M(OH, O) ] z [Si0~] z [Si206 (C~ ,O) ] 2 

MacFallit e [Ca (I~ Ca(g) ] 2 [Mn(1)~(2) (OH) 2] z [Mn(5) (OH) ~ ~ 

[Si(1)O~] ~ [Si{2JSi(gJO~] 2 

adopting the pumpellyite fo~la in Allm~ and Do~ay (1971). Trial 

~ordinates from this model were used to calculate a powder patte~ and 

the agreem~t is sufficiently good to waTTant serious consideration of the 

model. 

The chemical analyses in Table 4 were then recast into fo~la unit 

contents in Table 5 and were based on Z oxygen - 14. Densities were then 

c~puted ~d it is gratifying to note that P = 5 .56  gcm "~ for (i) is in 



M A C F A L L I T E  AND O R I E N T I T E  

T a b l e  5 ,  U n i t  f o ~ u l a  c o n t e n t s  f o r  o r i e n t i t e  and m a c f a l l i t e .  

O~ts 

0 = 5.36 g cm -~ (i] Ca~.00 

p = 3.40 gcm -~ (2) Ca~.0o 

0 = 3.54 g ~ - s  (3) Ca~.oo 

O = 5 . 2 0  g e m  "s (4) Ca~,o0 

0 = 3 .51  g ~-s (S] C a l . s a ~ o s  

0 = 3.41 gcm -~ (6) Cal.oe 

0 = 3 . 5 9  g - a  (7]  Ca~.oo 

MnoZ.+ssCao. ~ ~ o .  z i ~ i~+. 77A1 o . 1 ~FeoS .+ 11 S i s , ooOlo .oo  (OH) a.  sa (HgO) o .~2 

R n ~ o  o Vm~. o o Si~.0oO*..oo (oH)~.00 

~ . + o o  Ss (OH) z .oo (H~O) ~ .oo 

Fha]~eo S i ~ . o o O H . o o  [OH)~.oo 

IFzom average of probe ~alyses (R. He,rig) ~ Manganese Lake material. Densities computed from cell volume. 

2Fr~ average in Hewett and Shannon (1921) on Oriente ~mterial, 

3,~Possible end-m~ber compositions. 

5prom analysis of J. Ito on Manganese Lake material. 

~ F r ~  a v e r a g e  o f  p robe  analyses OR. H e r v i g ] .  

7 P o s s i b l e  ~ e d - m ~ b e r  c o m p o s i t i o n .  
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s a t i s f a c t o r y  a g r e e m e n t  w i t h  t h e  d e t e r m i n e d  s p e c i f i c  g r a v i t y  o f  5 . 5 5  f o r  

Manganese Lake o r i e n t i t e ;  and 0 = 3 . 4 1  g cm -3 f o r  (6)  a g r e e s  w e l l  w i t h  

3 , 4 5  for m a c f a l l i t e .  In a d d i t i o n ,  the c a l c u l a t e d  c o n t e n t s  s u g g e s t  t h a t  

orientite may be  a defect s t ~ c t u r e ,  with compositias l y i n g  a l o n g  the 

j o i n  Ca 2 Mn~ + ( ~ )  z [SisOl  o] (HzO) z-Ca2Mn~+~] + (OH) ~ [SiaOl  o] (OH) ~. 

Of cOUrSe, formal st~cture analysis, presently in progress, is the 

essential step in testing t h e s e  models, P~esently, we cannot offer any 

speculation why the space groups of orlentite and macfallite are different 

than those of azdennite and pu~pellyite respectively except to note that 

Mm s+ is absent in the latter compounds and the Ja~m-Tell~ disto~ion 

induced by this cation may stabilize the related b~t distinct space groups 

o f  t h e  f o r m e r  two. 

~ .  The n ~  m i n e r a l  honor s  Mr.  ~ s s e l l  P.  M a e F a l l ,  a ~ e t i r e d  e d i t o r  o f  

the Ch~o T~bu~ and dedicated ~at~ur mineralogist who has ~ i t t e n  

several popular books on mineral collectimg, rocks and fossils. His long- 

lasting passion f o r  the minerals o f  the K ~ e ~ n a w  Peninsula in upper 

Michigan makes a new species from tha~ ares most fitting to be named 

~mcfallite. 

The name and the species received prior approval by the Commission 

on New Minerals ~d New Mineral Names, of the International Mineraloglcal 

Association. The type specimen is placed in the collection of types, the 

U.5. Nati~al Muse~ of Natural History and eotypes have been deposited 

in m s e u m s  t h r o u g h o u t  t h e  w o r l d .  I t  i s  e s t i m a t e d  t h a t  s ~ a l  t o n s  o f  t h e  

new mineral and its associations p~bably ~ist on t h e  waste heaps, of 

which  abou t  100 kg ~ r e  c o l l e c t e d  and p r e s e r v e d .  

A~S~LO~8. Dr. L a r r y  Babcock o f  Hancock,  and Mr. Carlton W. Gutmam 

of Marquette, Michigan provided many fine samples for study in addition to 

guiding the senior ~thor to the abandoned waste heaps of the manganese 

m i n e .  A s s i s t a n c e  i n  a s p e c t s  o f  t h i s  s t udy  by ~. R i c k  H e r v i g  and Dr .  

T a k a h a ~  A r ~ k i  i s  a p p r e c i a t e d .  

We a p p r e c i a t e  ~ p p o r t  o f  t h i s  s t u d y  by t h e  N a t i ~ a l  S c i e n c e  F o u n d a t i o n  

g r ~ n t  EAR=I9483 ( G ~ o c h e ~ i s t r y ) .  
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