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I N the Rose-Tschermak-Brezina classification of meteorites the inter- 
mediate class of stony-irons, in which iron and stony matter occur in 

approximately equal amounts and to which Maskelyne gave the name 
siderolites, is divided into (1) siderolites proper, including the groups of 
the pallasites and the siderophyres, and (2) lithosiderites, comprising the 
groups of tile mesosiderites, glahamites, and ]odranites. Mesosiderites 
are defined as consisting of iron and crystalline olivine and bronzite, and 
grahamites of the same constituents with the addition of pl~gioclase- 
felspar. As ~een in the following pages, chemical and microscopic 

g Communicated by permission of the Trustees of the British Museum. 
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examination of typical members of these two groups fails to reveal any 
real distinction between them based on the amount of felspar they 
contain. For the combined group, all the members of which contain 
abundant felspar, it is proposed to retain the earlier name of mesosiderito, 
which was first given to them by Rose. 1 

As pointed out in a previous paper, 2 from the author's point of view of 
a genetic relationship of meteorites, this group of mesosiderites is some- 
what anomalous. The results of most of the published analyses showed 
that, although the nickeliferous iron and olivine had chemical composi- 
tions similar to those they have in the pallasites and thus served to place 
these meteorites in group A 2 ,  the anorthite-felspar and the pyroxene, 
fairly rich in ferrous oxide, gave them a close relationship also to the 
eucrites and howardites of group A 5. Further analyses therefore of 
members of the group appeared to be desirable. The meteorites chosen 
for investigation were Vaca Muerta which has been classed as a grahamite, 
Hainholz a mesosiderite, and Simondium which presented many points 
of similarity with Hainholz. 

VAcx MU~TA (----- Sierra de Chaco). 

In  Domeyko's original description of this meteorite s the locality was 
given as the Sierra de Chaco, but in a later communication ~ this was 
changed to the ' Quebrada (ravine) of Vaca Muerta, a dozen leagues from 
the small bay of Ouanilla '. The uncertainty as to the precise place of 
fall has been discussed by L. Fletcher, 5 who gave reasons for supposing 
that specimens labelled as being from Taltal, Sierra de Chaco, Chili, 
danacera (Jarquera) Pass, and MejiUones were all to be referred to Vaca 
Muerta. That" these specimens all belong to one fall is most probably 
true, but some doubt must still remain as to whether the Vaea Muerta, 
15 leagues to the south-east of Taltal, is the real place of fall. In 
view of this uncertainty, and for similar reasons to those advanced by 

I G. Rose, Monatsber. Akad. Berlin, 1863, p. 34. 
G. T. Prior, On the {genetic relationship and classification of meteorites. 

Mineralogical Magazine, 1916, vol. xviii, p. 85. 
8 I. Domeyko, Anal. Univers. d. Chili (Santiago), 1864, vol. xxv, p. 289. 

I. Domeyko, Compt. Rend. Acad. Sei. Paris, 1875, vol. lxxxi, p. 599. 
5 L. Fletcher, On the Meteorites which have been found in the Desert of 

Atacarna and its neighbourhood. Mineralogical Magazine, 1889, voL viii, 
p. 984. 
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Fletcher, Llano del Inca and Dora Inez should certainly be added to the 
above synonyms; for specimens of these meteorites in the British 
MuSeum Collection are under the microscope precisely similar to speci- 
mens of Vaca Muerta. These two meteorites were found by the Chilian 
and Bolivian Boundary SmTey in 1888, and specimens which were 
obtained by the late Professor Henry A. Ward at Santiago in the 
following year were described by E. E. Howell, M. E. Wadsworth, 
A. C. Lane, and H. B. Patton. ~ In that paper Llano del Iuca is stated 
to be about 85 leagues to the south-east of Taltal, and according to 
the maps Cerro de Do~a Inez is also about 100 miles to the south-cast 
of Taltal, so that the distance between the two localities cannot be very 
great. As in the case of many other Chilian meteorites, the specimens 
may have been transported to the place of find, which does not therefore 
represent the'place of fall ; and suppol~ to this idea is lent by Howell's 
remark (loc. cir., p. 95) that ' the breaking up of both meteor i tes . . ,  into 
such small, solid angular fragments with sharp corners . . . is doubtless 
the work of man'. 

The following specimens in the British Museum Collection are referred 
to Vaca Muerta : 

85124. A piece, weighing 498 grams, from ' Sierra de Chaco, Atacama 
Desert ', presented in 1868 by W. Taylour Thomson, to whom it had been 
given by Domeyko. 

46200. A piece, weighing 1850 grams, ' found 40 leagues inland 
near the low range of the Cordilleras of the Andes ', obtained from 
F. Pini in 1873. 

52284. A piece, weighing 551 grams, from ' Chili ' (see L. Fletcher, 
loc. cir., p. 241), obtained from Mr. Cutter of London in 1879. 

54721. A piece, weighing 4870 grams, from ' Desert of Atacama' 
(see L. Fletcher, loc. cit., p. 848), presented by F. A. Eck in 1882. 

For the chemical analysis, a fragment weighing about 18 grams was 
taken from specimen 52284. The material was crushed in an iron 
mortar and was separated by the magnetic comb~into an attracted 
portion weighing 5.7705 grams and an unattracted portion weighing 
6.9080 grams. In order that the unattracted portion might be free 
fl'om all but traces of metal, more than fifty separations were made with 
the magnetic comb in the fine powder left after the removal of .the 
coarser pieces of iron. The results of the analyses are as follows : 

t E. E. Howell ,  Proc. Rochester Acad. Sci., 1890, vol. i, p. 98. 
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A t t r a c t e d .  U n a t t r a c t e d .  
, F e  . . . . . .  8 4 - 0 0 . _  - -  

. . . . . .  6 . 3 8  . . .  

. . . . . .  0 . 7 9  . . .  
( F e  . . . . . .  0 . 0 7 . . .  2 . 3 8  
ls . . . . . . .  0 . 0 4  ... 1 . 3 7  
( F e  . . . . . .  0 . 7 8 "  . . .  1 . 6 2 "  

i . . . . . .  0 . 4 1 "  . . .  0 . 9 0  
. . . . . .  0 . 2 1  ... 0 . 4 5  

S i O :  ... 0 . 9 0  ... 4 5 . 4 7  
AI~O~ .. .  0 . 5 9  . . .  9 . 9 6  
F % O  3 .. .  - -  ... 2 . 4 1  
Cl'~O~ .. .  - - -  ... 0 - 8 0  
F e O  . . .  - -  ... 1 2 . 4 8  
M n O  .. .  - -  . . .  0 . 4 3  
C a O  .. .  0 . 8 3  . . .  7 . 0 4  
M g O  ... t r a c e  . . .  1 3 . 0 7  

Na~O .. .  - -  . . .  0 - 3 2  
H 2 0  .. .  - -  . . .  0 . 9 6  
I n s o l u b l e  . . .  4 . 1 1  . . .  - -  

9 9 " 1 1  9 9 . 6 6  

T h e  a n a l y s i s  o f  t h e  a t t r a c t e d  s h o w s  t h a t  

n i c k e l - i r o n  i s  a b o u t  13 .  

B u l k - a n a l  ,sis. 

. . .  3 8 - 2 5  
. . .  2 . 9 0  
. . .  0 3 6  
. . .  1 - 3 7  
. . .  0 . 7 9  
. . .  1 " 2 7 '  
. . .  0 - 7 0  
. . .  0 - 3 5  
. . .  2 6 . 0 2  
... 5 . 8 7  
. . .  1 . 3 6  
. . .  0 . 4 5  
. . .  7 - 0 3  
. . .  0 . 2 4  
. . .  4 . 3 5  
. . .  7 . 3 6  
. . .  0 . 1 8  
. . .  0 . 5 4  

9 9 . 3 9  

t h e  r a t i o  o f  F e  

4 1 . 5 1  

2 . 1 6  

2 . 3 2  

to  N i  i n  t h e  

S e p a r a t e  a n a l y s e s  o f  t h e  p o l ~ i o n s  s o l u b l e  a n d  i n s o l u b l e  i n  

a c i d  of  t h e  u n a t t r a c t e d  m a t e r i a l  g a v e  t h e  f o l l o w i n g  r e s u l t s  : 

S o l u b l e  i n  HC1.  
siO: . . .  1 2 . 1 5  ... 

A I 2 0  ~ ... 8 " 7 6  .. .  
F e O  .. .  1 . 4 2  . . .  
M n O  . . .  - -  

C a O  .. .  5 . 6 4  . . .  
M g O  .. .  1 . 8 8  . . .  
T r o i l i t e  ) 

S c h r e i b e r s l t e  L 
F % 0 ~  ! 1 0 " 0 9 r  

H. .O ) 

3 9 . 4 4  

h y d r o c h l o r i c  

M o l e c u l a r  r a t i o s .  

. . ~  

@ O $  

. . .  0 . 2 0 2  

... 0 . 0 8 6  

... 0 . 0 2 0  

.. .  0 . 1 0 0  

.. .  0 . 0 8 4  

* These  a m o u n t s  a re  t a k e n  to co r r e spond  to t h e  f o r m u l a  F % N i P  for 
s eh re ibe r s i t e ,  bu t  i n  t h e  a n a l y s i s  of t he  u n a t t r a c t e d ,  p a r t  of t h e  phosphorus  
is p r o b a b l y  i n  t he  form of p h o s p h a t e ,  a n d  t h u s  t he  t o t a l  a m o u n t  of s e h r e i b e r s i t e  
m a y  be o v e r - e s t i m a t e d .  

t F r o m  t l le  a n a l y s i s  of the  t o t a l  u n a t t r a e t e d  por t ion .  
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Insoluble in HC1 
Insoluble in HC1 (by difference between Molecular 

(direct determinations), total unattracted ratios. 
and soluble). 

SiO s ... 88.22 . . . . . .  88-32 ... 0.555 
AI~O s ... 1.15 . . . . . .  1.20 ... 0-012 
CrIO s ... 0.80* . . . . . .  0.80 ... 0.005 
FeO ... 11.88r . . . . . .  11.06 ... 0.154 
MnO ... - -  . . . . . . .  0.48 ... 0.006 
CaO ... 1.53t . . . . . .  1.40 ~.. 0-025 
MgO ... 11.64 . . . . . .  11.69 ... 0.292 
Na20 - -  0.82 0.82 0.005 * , ,  , , o .  , , ,  

60.04 
These analyses show that 
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60.22 
the soluble portion consists mainly of anor- 

thlte with some troilite and only a little olivine ; and the insoluble of a 
pyroxene (containing very little lime and having approximately the com- 
position 2 MgSiO s.FeSiOs) and a little felspar which escaped decomposi- 
tion by the acid. From the molecular ratios of the insoluble there would 
appear to be rather more silica than is required for the pyroxene and 
felspar, and the close agreement between the direct and indirect de- 
terminations seems to preclude the idea that this is due to errors in the 
analysis. The free silica thus indicated may Possibly be present in the 
form of asmanite (tridymite) which is recorded by Tschermak as occur- 
ring in this meteorite, 1 although the author has not succeeded in identifying 
it  with certainty in the thin slices in the British Museum Collection. 

The amount of olivine in the sample analysed was so small, as shown 
by the low percentage of magnesia, that no reliable deduction as to its 
composition ~ould be made from the analysis of the soluble part of the 
unattracted material. A separate analysis was therefore made of material 
broken from a patch of the mineral on the specimen. The result of the 
analysis, made on 0.5588 gram of material, is as follows : 

Molecular ratios. 
SiO~ ... 39.89 . . . . . .  0.665 
FeO ... 8-98 . . . . . .  0.125 
MgO ... 49.50 . . . . . .  1.237 
Insoluble ... 1.95 

100.32 
The olivine, therefore; has approximately the composition 

10 MgsSiO ,. FetSiO ~ �9 

�9 From the analyais of the total unattracted portion. 
t Including some MnO. 
1 G. Tachermak, Sitzungsber. Akad. Wiss. Wien, 1884~ vol. lxxxviii, (1)~ p. 852. 
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The approx imate  minera l  composit ion of the meteori te  deduced from 

the  analyses is as follows: 

Nickel- i ron . . . . . .  414  (in which  Fe : Ni  is about  18~ 

Troi l i te  . . . . . .  2 

A n o r t h i t e  . . . . . .  17 

Pyroxene  . . . . . .  32  ( in which MgO : F e e  is about  2). 

Ol ivine  . . . . . .  1�89 ( in  which MgO : F e e  is about  10). 

Chromi te  . . . . . .  1 

R u s t  . . . . . . . . . .  2 

Schreibers i te ,  &~ . . . .  3 

100 

Analyses  of specimens referable  to  Vaca  Muer ta  have been made by 

I. Domeyko on one of t h e  o r ig ina l  specimens of Vaca Muer t a  1 ; by  

C. A.  J o y  on a specimen from the  ' J a n a c e r a '  ( real ly J a rque ra )  Pass, 

50  miles  S.E.  of Copiapo2;  by  J .  M. Davison  on a specimen of Doi~a 

Inez  ' ; a n d  b y  L. G. E a k i u s  on  a specimen of L l ano  del Inca.  4 The  

number s  g iven  in  these  analyses,  except  the  las t  two, are not  easily 

i n t e r p r e t e d  in t e rms  of the  mine ra l  con ten t s  of the  meteor i te .  Domeyko 

appears  to have been unaw ar e  of the  presence of felspar, while Joy, on 

the  o the r  hand,  concluded t h a t  the  s i l icate  por t ion  consisted main ly  of 

fe lspar  w i t h  some ol ivine  bu t  no pyroxene.  Domeyko,  Joy, and  Eak ins  

agree  fair ly closely as regards  t he  composit ion of the  n lckel - i ron in 

m a k i n g  the  ra t io  of Fe  to N i  abou t  10. 

The  resul t s  of Eak ins ' s  analyses of the  soluble and  insoluble  pa r t s  of 

the  s tony m a t t e r  of Llano del I n c a  are as follows : 

Soluble. Molecular Insoluble. Molecular 
ratios, ratios. 

SiC, ... 28.08 ... 0.47 SiO~ ... 53.11 ... 0-88 
AlsO, ... 12.74 ... 0.12 AlsO~ ... 2.32 ... 0.02 
F e e  ... 42.52 ... 0.59 Cr203 ... 0.90 ... - -  
NiO ... 2.90 ... 0.04 FeO ... 18.82 ... 0.26 
MnO ... 0.20 ... - -  CaO ... 1.75 ... 0.03 
CaO ... 9.33 ... 0.16 MgO ... 23.10 ... 0,58 
MgO ... 1.98 ... 0.05 
PlO., ... 2.25 ... - -  100 .00  

100.00 

I I. Domeyko, Compt. Rend. Acad. Sci. Paris, 1864, vol. lviii, p. 551. 
C. A. Joy, Amer. Journ. Sci., 1864, ser. 2, vol. xxxvii, p. 243. 
E. E. Howell~ Prec. Rochester Acad. Sci, 1890, vol. i~ p. 93. 

4 Ibid.; p. 94. 
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The numbers obtained for the soluble portion suggest that  the .greater 
par t  consists of oxides of iron and nickel from the rusting of the 
meteorite, together with anorthite and only a little olivine. The mole- 
cular ratios for the insoluble portion correspond quite closely to 
58 l~fgSiO s . 26 FeSiO s . CaSiO s + 2 CaAI2Si20 s, i. e. (as in the analysis 
of the British Museum specimen) to a pyroxene in which the r a t io  of 
MgO to FeO is about 2, together with a lit t le felspar which has escaped 
decomposition. 

Davison's analysis of the total mass of Dofia Inez is as follows : 

Molecular ratios. 
SiO~ ... 18.41 ... 0.80 
FeO ... 58.91 ... 0.82 
AIsOs ... 6.39 .,. 0.06 
P~Os ... 0.82 ... - -  
iNtO ... 5.28 ... 0.07 
C o O  . . .  0.84 . . .  - -  
CaO ... 8.56 ... 0"06 

MgO ... 4.92 ... 0.12 
S ... 1.06 ... 0.03 
Ct~ ... trace 

99.24 

The molecular ratios correspond fairly closely with 6~ CaA]2Si20 ~ + 
12 MgSiO, .  6 FeSiO s + 3 FeS + 7 FeloNi (oxidized), i .e .  to a mixture 
of oxidized nickel-iron in which the rat io of Fe to Ni is about 10, 
a pyroxene in which again the ratio of MgO to FeO is about 2, anorthite, 
and some troilite. The numbers he obtained for the soluble and 
insoluble parts are not so readily interpreted in terms of the minerals 
present. 

Under the microscope, thin sections of Vaca Muerta (35124 and 
46200), Llar, o del Inca (66206), and Doiia Inez (66203) in the British 
Museum Collection are indistinguishable from each other. They all show 
a marked cataclastic structure, for the anorthite-felspar occurs on ly  in 
sharp-edged broken fragments and the pyroxene shows litt le in the way 
of crystal outline. The iron is present for the most part  as an irregular 
net-work enclosing felspars and pyroxene, and was obviously the last 
constituent to consolidate. The pyroxene is mainly bronzite giving 
straight  extinction, but with this orthorhombic pyroxene are some grains 
with oblique extinction: there appears to he no reason, howevei', for 
supposing any of i t  to be of the nature of diallage, as suggested by Lane 
(]oc. cit., p. 96). Olivine is not to be detected with certainty except in the 
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case of one fair ly large rounded  section in  one of the  slides of Vaca 

Muerta .  I n  the  ac tual  specimens of the  meteor i te  olivine is seen r a t h e r  

sparsely d i s t r ibu ted  b u t  occasionally in fa i r ly  large patches .  

HAINHOLZ. 

This  meteor i te  was found near  Minden,  in Westphal ia ,  in 1856, was 

first  described by W~ihler 1 in  1857,  and  was analysed by (~. Rammelsberg  ffi 

in  1870.  Accord ing  to his  analysis  i t  consisted of n ickel - i ron  in which  

the  ra t io  of Fe  to Ni  was about  10, and  of soluble and  insoluble  silicates 

in  b o t h  of which the  ra t io  of MgO to F e e  was about  8. He  appears  to 

have  comple te ly  overlooked the  presence of fe lspar  and  makes  no record 

of any  A120 s or C u e  in  his analysis of the  soluble silicates. A de te rmina-  
t ion  of the  composi t ion  of the  nickel-iron, made by E.  'Prlwoznik,  s in  

1892, gave a l~t io of Fe  to Ni  of about  18, as in Vaca Muerta .  

For  the  p resen t  analysis  a piece weigh ing  about  17 g rams  was t aken  
fl~)m a specimen (83911)  in the  Br i t i sh  Museum Collection, which had  

been obta ined f rom Dr.  A. Kran tz  in 1862.  I t  was separa ted  by  t he  

magne t  in to  an  a t t r a c t e d  por t ion we igh ing  9 .1269  g rams  and  a n  un -  

a t t r ac t ed  por t ion  we igh ing  8 .8268 grams.  

are as follows: 

The resul ts  of tlle analyses 

Bu lk -  
A t t r a c t e d .  Una t t r ac t ed .  analysis. 4 

(1) (2) 
R e  ... 78.74 ... 88 .65  ... - -  ... 42"18)  

Ni  ... 7 .48 ... 7 .83 ... ~ -  4.00~ 46.54  

Co ... (0.76)* ... 0 .80 ... - -  ... 0 . 4 1 !  

Fe ... - -  ... - -  ... 4-99 ... 2 .52 [ 
S . . .  - -  . . .  - -  ... 2 ,86 ... 1.44} 3 . 9 6  

,Fe ... 0 .67~ ... - -  ... - -  ... 0 . 8 6 )  

Ni  ... 0 .48r  ... - -  ... - -  ... 0 .23~ 0 .69  

P ... 0 .19 ... t race ... - -  ... 0 . 1 0 )  

I F. WOhler, Ann. Phys. Chem. (Poggendorff), 1857, vol. c, p. 342. 
C. Rammelsberg, Monatsber. Berlin. Akad. 1870, p. 322. 

s E. Priwoznik, 0sterr.  Zeits. Berg- u. Hiittenwesen, 1892, No. 39, 
4 In  the calculation of the bulk-analysis, analysis (1) of the attracted, with 

the loss evenly distributed over the constituents, was used. 
* Calculated from result in (2). 
t The amounts of Fe and Ni are taken to correspond to the formula Fo2NiP for 

schrcibersite. 
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Bulk-  
A t t r a c t e d .  U n a t t r a c t e d .  ana lys is .  

( 1 )  (2)  

SiO~ ... 2 .05  . . .  1 .07 . . .  40 .73  ... 21 .69  

A]~O s ... 0 .91 . . .  0 .67  ... 8 .89  ... 4 .99  

FesOs .. .  - -  ...  - -  . . .  5 .48  ... 2 .77 

Cr~O s . . .  - -  . . .  - -  . . .  0 .65  ... 0 .83  

F e O  .. .  -- . . .  -- . . .  12 .24  . . .  6 .19 

M n O  . . .  - -  . . .  - -  ...  t r ace  ... t r ace  

N i 0  . . .  -- . . .  -- . . .  0 .95* ... 0 .48  

CaO .. .  1 .04 ... 0 .58  ... 5 .80  ... 3 .49 

M g O  ... ti~ace ... trace ... 13.98 ... 7.07 

P~O s ... -- ... -- ... 0.67* ... 0.34 

Na~O .. .  - -  ...  - -  . . .  0 .42  ... 0 .21 

H 2 0  .. .  - -  ...  - -  ...  2 .38  . . .  1.20 

I n s o l u b l e  5-46 . . .  4 .82  ... . . . .  - -  

O, C, &c. (2 .27)  ... (1 .08)  ... - -  . . .  - -  

100 .00  108 .00  100 .04  9 9 . 9 5  

A n a l y s i s  (1)  o f  t h e  a t t r ac t ed  was  m a d e  on  the  or ig ina l  m a t e r i a l  f rom t h e  

17 g r a m  piece.  The  low s u m m a t i o n  is p r o b a b l y . p a r t l y  due  to loss owing  

to s p u r t i n g  d u r i n g  t h e  so lu t ion  of  t h e  m e t a l  i n  a q u a  r eg i a  a n d  t h e  subse-  

q u e n t  expu ls ion  o f  n i t r i c  ac id  by  evapora t ion .  Ana l y s i s  (2) was  m a d e  on 

ano the r  f r a g m e n t  o f  t he  me teo r i t e  w e i g h i n g  a b e u t  5 g rams ,  w h i c h  was 

s e p a r a t e d  by  t h e  m a g n e t  in to  2"3081 g r a m s  o f  a t t r a c t e d  a n d  2"7169 of  

u n a t t r a c t e d .  I n  t h i s  ana lys i s  t h e r e  is  s t i l l  a low s u m m a t i o n ,  a l t h o u g h  

eve ry  p r e c a u t i o n  was  t a k e n  to  avoid  a n y  loss.  L o w  s u m m a t i o n ,  in  t he  

a u t h o r ' s  exper ience ,  occurs  a lmos t  i n v a r i a b l y  in  t h e  ana lys i s  o f  t h e  

a t t r a c t e d  p o r t i o n  of  me teor i t e s ,  a n d  m a y  be  due  to  t h e  n o n - d e t e r m i n a t i o n  

of  some vola t i le  c o n s t i t u e n t  o r  o f  ca rbonaceous  m a t t e r .  I n  t h e  p r e s e n t  

case i t  m a y  be  p a r t l y  a t t r i b u t e d  to  oxygen ,  a s  t h e  i ron  was  r a t h e r  rus ted .  

T h e  n u m b e r s  g i v e n  u n d e r  t h e  u n a t t r a e t e d  a r e  t h e  c o m b i n e d  r e su l t  o f  

s epa r a t e  a~alyses  of  t h e  p o r t i o n s  soluble  a n d  inso lub le  in  h y d r o c h l o r i c  

acid,  t h e  i n d i v i d u a l  n u m b e r s  for w h i c h  a re  as  fol lows : 

* The Ni and P are taken as oxidized, since in the  analysis of the  soluble below 
there is no excess of Fe beyond tha t  de te rmined  as Fe~Os to form schreibersite.  
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Soluble .  M o l e c u l a r  I]~soluble.  Molecu la r  
ra t ios ,  r a t ios .  

SiO2 ... 10 .91  . . .  0 . 1 8  ... 2 9 . 8 2  ...  0.50 
A120 s .. .  7 .37  ...  0"07  . . .  1 .52  ...  0.015 
Fe ,  O s . . .  5 . 4 8 "  . . .  - -  . . .  - -  ... - -  

Cr203  ...  - -  . . .  ~ . . .  0 . 65*  ...  0 . 0 0 4  

F e O  ... 0 . 5 8  ... - -  . . .  11 .66  ... 0 . 1 6  

M n O  .. .  - -  ... - -  ... t r a ce  ...  

N i O  ...  0 . 9 5  ... - -  . . .  - -  ... 

C a O  ... 4 . 7 3  ... 0 . 08  ...  1 .07  ...  0 . 0 2  

E g O  ... 1 . 77  . . .  0 . 6 4  . . .  12 .21  ... 0 . 8 0  

N s 2 0  ...  - - -  . . .  - -  . . .  0 .42*  ... 0 . 0 0 7  

P205 ...  0 .67*  

H 2 0  .... 2 .88*  

...  2"86* 
J 

4 2 . 0 9  5 6 . 9 3  

T h e  a n a l y s e s  s h o w  t h a t ,  a s  in  t h e  case  o f  Vaca  M u e r t a ,  t h e  n i c k e l - i r o n  

is  poor  in  n i cke l ,  b u t  w i t h  a r a t i o  o f  F e  to  N i  o f  a b o u t  10~  r a t h e r  l e s s  

t h a n  in  t h e  C h i l i a n  m e t e o r i t e ;  t h a t  t h e  so lub le  p o r t i o n  o f  t h e  s t o n y  

m a t e r i a l  c o n s i s t s  o f  a n o r t h i t e ,  w i t h  some  t ro i l l t e  a n d  ru s t ,  a n d  o n l y  

a l i t t l e  o l i v i n e ;  a n d  t h a t  t h e  i n s o l u b l e  i s  m a i n l y  c o m p o s e d  o f a  p y r o x e n e ,  

poor  i n  l ime ,  in  w h i c h  t h e  r a t i o  o f  t h e  M g O  to  F e O  is  a g a i n  a b o u t  2,  

t o g e t h e r  w i t h  a l i t t l e  c h r o m i t e  a n d  u n d e c o m p o s e d  f e l spa r .  

S ince  in  t h e  case  of  t h i s  m e t e o r i t e  a lso no  re l iab le  d e d u c t i o n  could  b e  

d r a w n  a s  to t i le compos i t i on  o f  t h e  sma l l  a m o u n t  o f  o l iv ine  i n  t h e  so lub le  

p o r t i o n  o f  t h e  u n a t t r a c t e d  m a t e r i a l ,  a s e p a r a t e  a n a l y s i s  was  m a d e  on  

m a t e r i a l  t a k e n  f r o m  a sma l l  p a t c h  o f  t h e  m i n e r a l  on t h e  spec imen .  T h e  

r e s u l t  of  t h e  ana l y s i s ,  m a d e  o n  on ly  0 . 1 0 8 7  g r a m  o f  m a t e r i a l ,  i s  

as  fo l lows : 
M o l e c u l a r  ra t ios .  

SiO~ . . . . . . . . .  4 0 . 4 8  . . . . . . . . .  0 . 6 7  

F e O  . . . . . . . . .  1 1 . 5 9  . . . . . . . . .  0 . 1 6  

M g O  . . . . . . . . .  4 2 - 9 7  . . . . . . . . .  1 .07  

I n s o l u b l e  . . . . . .  2 . 7 6  

I ~ s s  a n d  O . . . . . .  (2.20) 

1 0 0 . 0 0  

* These d e t e r m i n a t i o n s  were made  on separate  por t ions  of the  total un -  

at t racted.  
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The ratio of MgO to FeO in the olivine is therefore between 6 and 7, 
perllaps nearer 7 than 6, since the material was slightly oxidized. The 
lower ratio as compared ~,ith Vaca Muerta corresponds to the lower 
ratio of the Fe to Ni in the nickel-iron. 

The approximate mineral composition of the meteorite, deduced from 
the analyses, is as follows : 

Nickel-iron ... 46~ (in which Fe : Ni is about 10�89 
Troilite . . . . . .  4 
Anorthite . . . . . .  14�89 
Pyroxene . . . . . .  27 (in which MgO :FeO is about 2) 
Olivine . . . . . .  1~ (in which MgO :FeO is about 7) 
Chromite . . . . . .  
ltust . . . . . .  4 
Schreibersite, &e. 2 

100.0 

Hainholz, a typical mesosiderite, is thus seen to have a chemical and 
mineral composition very similar to that of the grahamite Vaca Muerta, 
from which certainly it cannot be distinguished as regards the amount 
of fe~par. 

Under the microscope in a thin section of the British Museum specimen 
the structure is seen to be finer grained and less cataclastic than that of 
Vaca Muerta, for the felspar occurs more in laths and less as broken 
fragments, although a few of these are prominent in the slide I ; it is in 
fact much more basaltic in character and thus strikingly resembles that 
of the meteorite Simondium described below. The section shows one 
rounded olivine precisely similar to the one in the section ofVaca Muerta. 
The iron occurs in more detached grains. 

~IMONDIUM. 

A short description of this meteorite, which was found in gravel near 
Simondium Station on the Paarl to French Hoek line, Cape Colony, has 
been previously given by the author, z I t  has unusual characters and 
resembles in some parts a terrestrial basalt perhaps more closely than 
any other n eteorite (see loc. cir., Plate VII) .  As it contained olivine as 
w e l l  as bronzite and plagioclase-felspar and in some parts only little 
nickel-iron, it was referred to the howardlte group. In  many respects, 

i See G. Tschermak, 'Die mikrcakopischo Beschaffenheit der Meteoriten,' 
1888-1885, p, 22 and pl. XXIV, fig. 4. 

t G. T. Prior, Mineralogical Magazine, 1910, vol. xv, p. 812. 
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however ,  i t  differed from any  member  of t h a t  group,  for  some f ragments  

conta ined nodules  of t roi l i te  and  ol ivine up  to 2 inches in  length,  whi le  

others  showed fairly plent i ful ly  d i s t r ibu ted  gra ins  of nickel- iron.  As the  

meteor i te  was in such a bad s ta te  of oxidat ion,  no a t t e m p t  was made in  

1910  to analyse i t  as a whole, b u t  an analysis  was made of the  olivine 

which showed t h a t  i ts  chemical  composi t ion was s imilar  to t h a t  of the  

olivine in  most  pallasites,  for the  ra t io  of MgO to FeO was as h igh as 

10, ins tead  of about  2 as i t  is in  the  olivine of the  howardites ,  Luote lacs  

and  Massing.  
The  meteori te  therefore  presents ,  f rom the  au thor ' s  poin t  of view, 

a s imilar  anomalons  composit ion to t h a t  of t he  mesosiderites, and, in  

spi te  of i ts  a l te red  condit ion,  a chemical analys is  w h i c h  m i g h t  lead to 

a de te rmina t ion ,  a t  any rate, of the  composit ion of the  pyroxenic  con- 

s t i tuen t ,  seemed desirable .  Fo r  th is  purpose a f ragment  weighing  abou t  

9 g rams  was t aken  from the  in te r io r  of one of the  specimens (1909,  149)  

which, frdm its eolour, appeared  to be less oxidized t han  the  rest ,  

a l though,  as seen in t h i n  sect ion u n d e r  the  microscope, even in th i s  p a r t  

t he  nickel- i ron was main ly  represented  by red  and b lack  a l t e ra t ion  

products .  F r o m  the  powdered f r agment  0 .5538  gram of black a t t r ac ted  

mater ia l  was  separated by  the  magne t  from 8"4658 grams of una t t rac ted .  

The  resul ts  of the  analyses are as follows : 

At t rac ted .  

I 
Fe ... 47.76 ... 

i !  ... 3 .18 ... ... u n d e t d  . . . .  

SiO 2 ... 9 .65 ... 
Al~O. ... 2 .40 ... 
Cr~O~ ... - -  ... 
F%O s . . . . . . .  
FeO ... - -  ... 
N iO  ... - -  ... 
MnO . . .  - -  ... 
CaO ... 0 .61 ... 
MgO ... 0.24 ... 
Na~O ... - -  ... 
H~O ... - -  ... 
P r O 5  . . .  - -  ... 
S O ~  . . .  - -  ... 
Insoluble  ... 7.9'2 
S, O, &c . . . .  (28.24)  

Unattract .ed,  

. . .  

. . ,  

... 1.63 

... 0 .98 

... 89.36 
... 7.10 
... 0 .78 
... 5 .22 
... 10-30 
... 5 .02 
... t race 
... 2.51 
... 13.14 
... 0 .10 
... 10.77 
... 0 .85 
... 2.71 

100.00 100.42 
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T h e  f i g u r e s  g i v e n  u n d e r  t h e  u n a t t r a e t e d  a r e  t h e  c o m b i n e d  r e s u l t  o f  

s e p a r a t e  a n a l y s e s  o f  t h e  p o r t i o n  s o l u b l e  i n  w a t e r ,  a n d ,  a f t e r  i t s  s e p a r a t i o n  

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

t h e s e  t h r e e  a n a l y s e s  a r e  a s  f o l l o w s  : 

S o l u b l e  i n  w a t e r .  M o l e c u l a r  r a t i o s .  

N i O  . . . . . .  1 . 2 8  . . . . . .  0 . 0 1 7  

C a O  . . . . . .  0 . 9 1  . . . . . .  0 . 0 1 7  

S O  s , . .  2 . 7 1  . . . . . .  0 - 0 8 4  
H ~ O  . . . . . .  u n d e t .  

4 . 9 0  

S o l u b l e  i n  M o l e c u l a r  I n s o l u b l e  M o l e c u l a r  

H C I .  r a t i o s ,  i n  H C ] .  r a t i o s .  

S i O ~  . . .  1 1 . 2 8  . . .  0 . 1 9  . . .  2 8 . 1 8  . . .  0 . 4 7  

A l ~ O  s . . .  5 . 4 7  . . .  0 . 0 5  . . .  1 . 6 8  . . .  0 . 0 1 5  

C r y 0 8  . . .  - -  . . .  - -  . . .  0 . 7 8  . . .  0 . 0 0 5  

F e t e  s . . .  5 . 2 2 *  . . .  0 - 0 3  . . .  - -  . . .  - -  
F e e  . . .  1 . 8 8  . . .  0 . 0 2  . . .  8 . 9 2  . . .  0 . 1 3  
N i O  . . .  8 . 7 4  . . .  0 . 0 5  . . . .  . . .  - -  

M n O  . . .  - -  . . .  - -  . . .  t r a c e  . . .  

C a O  . . .  0 . 7 2  . . .  0 . 0 1 8  . . .  0 . 8 8  ' 0 . 0 1 5  

M g O  . . .  1 . 4 4  . . .  0 . 0 3 6  . . .  1 1 . 7 0  . . .  0 . 2 9  
F e  . . .  1 . 6 8  . . .  0.08 . . .  

S . . .  0 . 9 8 *  . . .  0 . 0 8  . . .  - -  
N a t O  . . .  - -  . . .  - -  . . .  0.10" 
P 2 0 ~  . . .  0 . 8 5 *  . . .  0 . 0 0 6  . . .  - -  

H , O  . . .  1 0 . 7 7 "  . . .  - -  . . .  

4 8 . 8 8  5 2 . 1 4  

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

b e  d r a w n :  

(I) In the small attracted portion the iron and nickel are almost 
wholly in the oxidized condition, but the original nickel-ilxm was one poor 
in nickel with a ratio of Fe to Ni well above 10, as in most of the 
psllssites. 

(2) The part of the unattracted soluble in water consists of hydrated 
sulphs~es of lime and nickel. The presence of sulphate of lime in the 
part soluble in water of a meteorite has been often, though perhaps 
somewhat rashly, supposed to indicate the original presence of oldhamite. 

* The6e determinations were made on separate portions of the total un- 
attracted material. A large amount of the H20 is to be referred to the part of 

the unattracted soluble in water. 
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Ill the present case it has resulted almost undoubtedly from the 
decomposition of troilite and felspar. 

(8) After the removal of the part soluble in water, the portion of the 
unattracted soluble in hydrochloric acid is made up partly of some 
anorthite and troilite and a little olivine, but mainly of decomposition 
products consisting of hydrated oxides and silicates of irbn, aluminium, 
and nickel. 

(4) The part of the unattracted insoluble in hydrochloric acid consists 
mainly of a pyroxene in which the ratio of MgO to Fee  is about 2 as 
in the mesosiderites, together with a little chromite and felspar. 

There is little doubt that the original constituents of the meteorite 
were mainly anorthite, pyroxene, nickel-iron, and olivine, all having 
chemical compositions very similar to those of the same minerals in 
Vaca Muerta and Hainholz. In the few fragments of Simondium which 
have been preserved the iron has been for the most part oxidized, so 
that they present very much the same appearance as the 1~asted specimens 
of Doi~a Inez and Llano del Inca. That in parts of the meteorite the 
amount of nickel-iron was much more plentiful and conspicuous than in 
the much weathered and oxidized fragments in the British Museum 
Collection seems probable from the fact that the large stones, a foot in 
diameter, originally discovered, were broken up by the finders, as in the 
ease of many Chilian meteorites, under the mistaken idea that the metal 
was silver. 

The three meteorites, Vaca Muerta (including Llano del Inca and 
Dofia Inez), Hainholz, and Simondium thus present such similar characters 
that they must all be referred to the same group, to which the earlier 
name of mesosiderite is given. In the case of Yaca Muerta and 
Hainholz any distinction between mesosiderite and grahamite as regards 
the amount of felspar breaks down altogether. Examination of the 
microscopic characters and consideration of the analyses which have been 
published of other members of this group, as described below, indicate 
that all have very similar characters to those of Vaca Muerta and 
Hainholz, and that in their case also no real distinction as regards the 
amount of felspar can be dl~wn between them. 

TA.'~EY COUNTY (----Mincy). 

This meteorite, which is repelled to have fallen in Taney Co., 
Missouri, in 1857, was first analysed by Lawrence Smith I in 1865 

i j. L. Smith, Amer. Journ. Sci, 1865, ser. 2, vol. xl, p. 218. 
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under  the name of Newton  County, Arkansas  {to which place a fragment  

had been transported) ,  and la ter  in 1887 by J .  E. Whitf ield t under  the  
name of Mincy. 

Lawrence Smith determined the compositions of the  nickel-iron, the  

oli~'ine, and the  pyroxene (so-called ' hornblende ') separated mechanically 

from the meteorite,  and was qui te  unaware of the presence of felspar. 

According t o  his analyses, the ra t io  of  Fe  to Ni  in the nickel-iron is 

about 12�89 and the  ratio of MgO to F e e  in the" olivine about 7, and 
in the pyroxene about 3. These three consti tuents therefore have 

chemical compositions very  similar to those of the same minerals in 
Vaca  Muerta.  

Whit f ie ld 's  enalyses were made on the nickel-iron, the to ta l  stony 

mat te r  from which the iron had been separated, and the port ion of the 

stony ma t t e r  insoluble in hydrochloric acid, and by them the presence of 

abundant  anor th i te  in the meteori te  is made very evident. For  the  

nickel- lron he obtained a ratio of Fe  to Ni  of about 9. His  results  for 

the  stony mat te r  are as follows : 

Total stony Molecular Insoluble Molecular 
matter, ratios, in HCI. ratios. 

SiO~ ... 45-88 ... 0.76 ... 52.89 ... 0.87 
Al20s ... 7.89 ... 0.08 ... 7.11 ... 0.07 
Fee  ... 19.78 ... 0.27 ... 14.68 ... 0.20 
CaO ... 6.02 ... 0.10 ... 4.49 ... 0.08 
MgO ... 17.96 ... 0.45 ... 21.~ ... 0.58 
NiS ... 1.67 ... 0.0~ ... 
FeS ... 0.54 ... 0.01 ... 

99.69 100.00 

The molecular ratios of the insoluble correspond vel,y closely to a 

mixture  of 58 MgSiO s . 20 FeSiO s . 2 C a S t e  s and 7 CaA]2Si2Os, i .e .  of a 
pyroxene in which the ratio of MgO to  F e e  is about 2, as in Vaca  
Muerta, and some anorthite.  Making use of this composition of the  

pyroxene in the interpreta t ion of the  results  of the  analysis of the total  

stony matter ,  the molecular ratios are seen to correspond fair ly closely 
to a mix ture  of the molecules 

42 MgSiO s . 16 FeSiO 8 . 2 C a S t e  s + 8  CaA]2Si20 s 
(i.e. of pyroxene and anorthite),  together wi th  some FeS, only a very 

l i t t l e  olivine, and oxides of Fe  a n d  N i  ei ther  from rusted nickel- 

iron or from nickel-iron which had not been separated from the 

I j .  E. Whitiield, Amer. Journ. Sci., 1887, ser. 3, vol. xxxiv, p. 467. 
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stony matter, for it is improbable that any of the nickel is in the form of 
sulphide as given ~n the analysis. 1 

Under the microscope a thin section of a specimen (40886) in the 
British Museum Collection shows a structure much less cataclastlc than 
tlmt of Vaca Muerta but coarser grained than that of Hainho|z. The 
pyroxene occurs in rounded gl~ins forming s sort of mosaic with the 
interstices filled with bladed felspar: this was obviously the last 
mineral to consolidate before the nickel-iron, which occurs in strings 
enclosing felspar and pyroxeue; 

Thus neither chemical analysis nor microscopic examination suggests 
any reason why this meteorite as regards the amount of felspar should 
have been classed as a ' mesosiderite ' rather than a ' grahamite '. 

ESTHERVILLE, 

This meteorite, of which several large masses and many small fragments 
fell in Emmet Co.,. Iowa, ou May 10, 1879, has been analysed by 
Lawrence Smith. s As in the case of Taney County, separate analyses 
were made of the nickel-i~on, olivine, and pyroxcne, picked out from the 
crushed meteorite, and the presence of felspar was again undetected, 
although it had been already recorded by C. U. Shepard. s The analyses 
show that the chemical compositions of these constituents are very 
similar to those in Vaca Muerta, the ratio of Fe to Ni in the nickel-iron 
being about 18, the ratio of MgO to FeO in the olivine about 6, and in 
the pyroxene about 2. 

In  later accounts of the meteorite the presence of felspar is mentioned 
by Tsohermak,' Wadsworth, e and Mcunier. 6 

Under the microscope thin sections prepared from specimens (58764 
and 65575) of the meteorite in the British Museum Collection show 
abundant anorthite-felspar, not only as groundmass as in Taney County, 
but also as broken sharp-edged fragments, intermixed with rounded 
grains and larger sections of pyroxene, most of which give straight 

i There is no justification for G. P. Merrill's suggestion (see Handbook and 
Descriptive Catalogue of the Meteorite Collections in the United States National 
Museum. U.S. Nat. Mus. Bull. 94, 1916, p. 106) that in Kunz's original deecrip- 
tion the analyses of the soluble and insoluble were reversed. 

J. L. Smith, Amer. Journ. Sci., 1880, ser. 8, vol. xix, p. 459. 
s C. U. Shepard, Amer. Journ. Sci., 1879, ser. 8, vol. xviii, p. 188. 
a G. Tschermak, 'Die mikroskopische Besvhaffenheit der Meteoriten,' 1888- 

1885, pp. 22 and 23, pl. XXIV. fig. 1. 
s M. E. Wadsworth, ' Lithological Studies,' 188~, pp. 92-101. 
s S. Meunier, ' R~vision des Lithosid~rites,' 1895, pp. 80-82. 
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extinction, but some oblique. In  the two slides only three rounded 
sections could be doubtfully referred to olivine. 

Estherville, therefore, as regards its constituents and their chemical 
compositions, differe in no way from the other previously described 
members of the group of mesosiderites. The fact that the felspar, 
which is seen so prominently in thin sections, was originally overlooked, 
doubtless accounts for the meteorite having been classed as a '  mesosiderite' 
instead of a ' grahamite '. 

POWD~a "M'ILL CREEK ( =  Rockwood = Crab Orchard). 

This meteorite, which was found in Cumberland Co., Tennessee, in 
1887, was analysed by J. E. Whitfield, 1 and described by G. F. K u n z '  
in the same year. The analysis by Whitfield of the stony material is 
difficult to interpret in terms of the constituents since he was unable 
to make separate determinations of the soluble and insoluble portions. 
He states, however, that the soluble contained only traces of ?~gO, and 
concludes from this the absence of olivine. A separate analysis of 
a nodule, containing only about 6 per cent. of soluble material, gave 
a ratio of MgO to FeO of about 3. The composition of the pyroxene is, 
therefore, not very different from that in Vaca Muerta. In  the nickel- 
iron the l~tio of Fe to Ni was found to beabout  7, anti is thus rather 
low for an iron sho~ving such coarse octahedra] structure as is figured 
(loc. cit., p. 388), but the material analysed may have been a small 
exceptional piece dot typical of the main mass. A re-determination of 
the composition of the nickel-iron therefore seemed desirable. Accordingly 
a fragment weighing about 11 grams from the specimen (68.547) of the 
meteorite in the British Museum Collection was crushed and separated 
by the magnet into an attracted portion weighing 6.0186 grams and an 
unattracted portion weighing 4-6306 grams. The result of an analysis 
of the attracted portion is as follows : 

Fe . . . . . . . . . . . .  78.15 
Ni . . . . . . . . . . . .  5.61 
Insoluble . . . . . . . . .  ] 1.58 
Anorthite, &c . . . . .  ~ . . . .  (9.66) 

100.00 

A. E. Whitfleld, Amer. Journ. Sei., 1887, ser. 8, col. xxxiv, p. 387. 
G. F. Kunz, ibid., p. 476. 
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The soluble m a r t i a l  besides the nickeliferous iron consisted mainly 
of anorthite, for only traces of MgO and S were found. 

The analysis shows that the fragment contained about 42 per cent. of 
nickel-iron in which the ratio of Fe to Ni is about 13, as in Vaca 
Muerta. 

Although olivine may not be present in many samples of the meteorite, 
on a polished slice it is seen to occur sparsely distributed just as it  does 
in other mesosiderites. As its comPosition has not hitherto been 
determined, an analysis was made of material picked out from a patch 
of the mineral on the slice (68547) of the meteorite in the British 
Museum Collection. The result of the analysis is as follows : 

Molecular ratios. 

SiC 2 . . . . . .  40.18 . . . . . .  0.666 
FeO . . . . . .  9.15 . . . . . .  0.127 
MgO . . . . . .  48.91 . . . . . .  1.218 
Insoluble (Chromite) 1.42 

99.66 

Tile composition of the olivine corresponds approximately to the 
formula 10 Mg~SiO~. Fe2SiO,, as ill Vaca Muerta. The insoluble proved 
to consist mainly of chromite, probably from inclusions in the olivine. 

Now the analysis by Whitfield of the nodule referred to on p. 167 
gave the following result: 

Molecular ratios. 
SiC2 ... 49.96 ... 0.88 
AI203 ... 4.75 ... 0.045 
FeO ... 15.97 ... 0.22 
CoO + NiO ... trace ... m 
CaO ... 1.15 ... 0.02 
MgO ... 28.15 ... 0.70 

The fact that the amount of silica is too low in order to form only 
metasilicates with the bases suggests that olivine is present. By intro- 
ducing the composition of the olivine as determined above the molecular 
ratios correspond approximately to the following : 

44 ]tfgSiO s �9 20 FeSiO s + 13 3ig~SiO~. 1�89 Fe~SiO, + 8 CaAl~i2Oa, 

i. e. to a mixture of pyroxene in which the ratio of MgO to FeO is about 
2 with olivine ill which this ratio is about 10, and a little anorthite. 

A thin section of the British Museum specimen shows a sharp 
division into two parts, one of which contains much iron while the other 
is 5~e from it. The latter part consists of a coarse-grained mosaic of 
anorthite and pyroxelle just like a gabbro, and the other part of much 
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i ron w i th  ano r th i t o  and  pyroxene b r o k e n  in to  i r r e g u l a r  f ragments .  

This  slide appa ren t ly  gives a p ic tu re  in  m i n i a t u r e  of  w h a t  has  happened  

in the  ma in  mass  of th i s  and  o the r  mesosider i te~ viz. t he  invas ion  and  

b r e a k i n g  up  o f a  py roxene -anor th i t e  rock by  nickel i ferous i ron (see p. 171).  

The  resul ts  of analyses and  microscopic  examlua t ion  show tha t ,  in 

chemical  and  minera l  composit ion,  P o w d e r  Mill  Creek is ve ry  s imi la r  to  

o the r  mesosiderltes.  

MOI~IS~OW~ (---- H a m b l e n  County) .  

This  meteor i te ,  which  was found in Sep tember ,  1887,  in  H a m b l e n  Co., 

Tennessee, has  been analysed by L. G. Eak ius  ~ and  descr ibed by  

G. P. Merri l l .  2 Accord ing  to E a k i n s ' s  analysis ,  in  the  n icke l - i ron  t he  

ra t io  of Fe  to N i  is abou t  12, as  in  Vaca  Muerta .  H i s  resu l t s  for the  

soluble and  insoluble por t ions  of the  s tony ma te r i a l  are as follows : 

Soluble in Molecular Insoluble in Molecular 
HCI. ratios. HCI. ratios. 

SiOs ... ~ .61  ... 0.76 ... 50.67 ... 0.84 
AlsO s ... 22.62 ... 0.22 ... 14.89 ... 0.15 
Cr2Os ... - -  ... - -  ... 1.82 ... 0.01 
FeO ... 11.78 ... 0.16 ... 10.55 ... 0.15 
MnO ... - -  ... - -  ... 0.76 ... 0.01 
NiO ... 1.06 ... 0.01 ... m ... 
CaO ... 14.09 ... 0.25 ... 3.61 ... 0.07 
MgO ... 8.64 ... 0.09 ... 17.98 ... 0 . 4 5  

K20 ... - -  ... - -  ... 0.08 ... - -  
N s ~ O  . . .  - -  . . ,  - -  ... 0.19 ... - -  

P , . , O  .. ... 1.25 ... 0.01 ... - -  ... 

100.00 100.00 

These analyses are  difficult to  i n t e r p r e t  in  t e rms  of the  cons t i t uen t  

minerals .  The so lub le ,  however,  as in  o ther  analyses of meseeider-  

ires, appears  to consist  m a i n l y  of anor th i te ,  wi th  only  a l i t t l e  olivine, 

most of the  oxide of i r on  and  nickel  be ing  der ived  probab ly  e i the r  f l~m 

rus t  or from nickel - i ron  and  t ro i l i t e  no t  separa ted  from the  s t o n y  

mater ia l .  I n  the  insoluble  the  ra t io  of MgO to FeO is abou t  3. 

The  microscopic characters  of the  me teor i t e  have been well  descr ibed  

by  Merri l l .  He  s ta tes  t h a t  the  f e l s l~ r  occurs, as in o ther  members  of 

the  group,  in  b roken  f ragmehts ,  and  t h a t  the  s t ruc tu re  is s t rongly 

cataclast ic ,  not  l ike t h a t  of  a clast ic  rock, bu t  r a t h e r  of a crystal l ine 

var ie ty  which had  been subjected  to dynamic  agencies. Ol iv ine  was no t  

1 L. G. Eakins, Amer. Journ. Sci., 1898, ser. 3, vol. xlvi, p. 0-88. 
2 G. P. Merrill, Amer. Journ .Sci., 1896, ser. 4~ vol. v, p. 149. 
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detected with certainty. Two pyroxenes were distinguished, one cloudy 
with inclusions and giving straight extinctions, the other clear and 
pellucid and giving oblique extinctions as high as 30 ~ 

In a thin section from the specimen (81008) in the British ~[useum 
Collection the two pyroxenes are not easily distinguishable in appear- 
ance : most sections which are fairly clear give straight extinctions, but 
a few occur with oblique extinctions. There appears to be no reason for 
supposing the latter to be diallage-like, as suggested by Merrill, whose 
micro-chemical test for alumina is not very convincing considering the 
intimate association of the miueral with anorthite. In  the author's 
experience, in no analysis of a meteorite has he found it necessary to 
attribute any alumina to a pyroxenic constituent. In  pHrts of the 
slide the pyroxene occurs in irregular ophitie-like patches enclosing the 
broken felspars. One fairly large section in the slide may be doubtfully 
l~ferred to olivine. In a polished slice of the meteorite a few small 
l~tches of brown olivine are visible, hut they did not afford sufficient 
material for analysis. 

CONCLUSIONS. 

The results of the analyses of the preceding members of the meso- 
siderite group of meteorites may be summarized in the following table, 
which is a corrected form of that given in a previous' paper : ~ 

Mesoside~ites. 

Name. 

Vaca Muerta (including i 
Llano del Inca and 
Dofla Inez) 

Hainholz 
Simondium 
Taney County 
Eetherville 
Powder Mill Creek 
Morrlstown 

O ~ 0 O ~ O @ O 

,,~| I~O~o I ,~ t0~ I 
i,~r,~ fi I ..~ II~o I 

"I "F:I 
lOI I 7 I s I ,, 

over 10 J 10 J S } ,, 
12~ ] 7 ] 3 [J. L. Smith, 1865. 
i s  I 6 I 2 [ ,, 1880. 
1 6 1 1 o  I 2 ]J. E. Whitfleld, 1887, 

and G. T. Prior, 1918. 
12 I - I 3 iL G. Eaklns, 1898. 

! G. T. Prior, Mineralogical Magazine, 1916, vol. xviii~ pp. 34-115. 
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The preceding investigation has shown that no real distinction can be 
dJ~wn between so-called ' mesosideritos' and 'grahamites '  as regards 
tile amount of felspar they contain. For the combined group tl~e eaHier 
name mesosiderite is proposed. 

Tile members of this group are remarkably uniform ill character. 
They cozmist mainly of pyroxene and felspar, with nickel-iron ill large 
amount but rather unevenly distributed, and nodules of olivine some- 
what sparsely distributed but occasionally of considerable size. Accessol T 
constituents are  troilite, chromite, and schreibersite. The felspar is 
a nearly pure anorthite; ~he pyroxene is fairly rich in ferrous oxide 
with a ratio of MgO to FeO about 2 ; the olivine, on the other hand, is 
Poor in ferrous oxide with a ratio of MgO to FeO from 6 to 10;  and 
the nickel-iron is poor in nickel with a ratio of Fe to Ni from 1Oto 18. 
The curiously uneven distribution of the iron and the rather sporadic 
occurrence of the olivine suggest that both these constituents are in 
some way foreign to the main mass of stony matter consisting of 
anorthite and pyroxene, and to this idea the peculiar structural features 
of these meteorites lends support. In  structure, in the parts rich in 
iron, they are highly cataclastic, the felspars occurring in sharp-edged 
broken fragments. In the parts freer from iron, however, this cataclastic 
structure is less apparent, and sometimes, as in Powder Mill Creek, the 
stony matter consists of a granular aggregate of anol~hite and pyroxene 
like a gabbro, or, as in Hainholz and Simondium, it shows a more 
basaltic character with the felspar in laths. In this connexion Merril]'s 
description o~" the structure of MolTistown (loc. cir., p. 158) may be 
quoted. He says,' The coarser portions of tile rock, and particularly those 
in immediate juxtaposition with tile metallic iron, have a strongly marked 
cataelastic structure, the felspa~ existing mainly as angular fragments. 
�9 . . All structural features point to tile injection of the metad]ic iron, or 
at least to its reduction to the metallic state, subsequently to the 
solidification of the stone, the same being accompanied by a shattering 
and more or less displacement of the minerals in the near vicinity. In 
the more siliceous portions the iron exists only in small blebs, and 
seems to have been wholly without effect on the structural features; 
but where existing in masses of some s i z e . . ,  the appearance is at 
once ~uggestive of subsequent injection and consequent disruption of 
particles '. 

From the author's point of view of a genetic relationship of meteorites, 
therefore, there is considerable a priori evidence i~l favour of the idea 
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that the characters of this group of meteorites may be most reasonably 
explained as the l~sult of a mixture of two types, to one of which belong 
the pyroxene and anorthite, and to the other the iron and olivine; 
a eueritic magma, i.e. according to the theory, one of higher oxidation, 
having been invaded by a pallasitic magma, i.e. by a, terrestri~Uy 
speaking, more 'deep-seated' one of lower oxidation. 


