
IDENTIFICATION OF THE COPPER ORE MINERALS
BY MEANS OF X-RAY POWDER

DIFFRACTION PATTERNSI

Ar,lBN W. WRrlo, The Pennsylvania State College.

PnBsBnr MBrnops ol MrNBner, INvpsrrcauoN

The technique of producing good polished sections of ore min-
erals is now well developed, and the methods of mineral identifica-
tion are highly advanced. The minerals are examined in polished
section by means of the reflecting microscope. This will probably
continue to be the most convenient means for the study of opaque
minerals, since, in general, mineral identification is rapid and fairly
accurate, and mineral textures, which are of the utmost importance,
may also be observed. Micro-chemical and etch tests are used in
this work, aided by the polarizing microscope and observations of
color, internal reflection, hardness, magnetism, and special prop-
erties. Tables for mineral identification based on the foregoing
tests have been written by Murdoch (45),2 Davy and Farnham (19),
Farnham (21), Schneiderh<ihn and Rapdohr (60), and Shorr (61).

Although the majority of minerals can now be determined by the
methods commonly in use, the rare minerals in particular are still
difficult, and occasionally impossible, to identify. The same is often
true of minerals present in minute grains. In the latter case their
general appearance seems to be modified by their surroundings,
and the reagents, which will be in contact with more than one
mineral, may bring about electrolytic effects which will completely
change the expected reactions, causing incorrect identifications.
Since mineral identification is essential in economic geology, any
method which promises improvement of results is well worth use
and further development. Such a method of accurate determination
is possible by the use of r-ray powder diffraction data, a fact
pointed out by Kerr (41) as long ago as 1924.

Powonn Durnacrrox }Iprrroo

A small amount of a powdered crystalline mineral placed in a
beam of r-rays will produce a characteristic line or ring pattern on

1 Abstract of a dissertation submitted to the Division of Geological Sciences of
Harvard university in partial fulfllment of the requirements for the degree of
Doctor of Philosophy.

2 fn order that the footnotes may be shortened all numbers in parentheses refer
to tbe complete bibliography at the end of this article.
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a photographic film. The possible use of this method for mineral

identification has long been appreciated and its greater use pre-

dicted. Physicists and mineralogists have used the method, in

conjunction with other types of r-ray studies, primarily in the

working out of atomic structures of minerals. The Geophysical

Laboratory has employed this method effectively in the study of

solid solution series in artificial melts. The gradual change in spac-

ing of the lines on the records may often be observed as the com-
position of the melt is changed gradually from one end member to

the other. These records can be used to determine, by comparison,

the composition of unknown members of the same series. Some use

has been made of the diffraction method purely for purposes of

mineral identification (66); but the data for such work is available
in relatively few places, and lists of diffraction data arranged in

tables which would allow the general worker to make identifications

of unknown minerals by this method are not yet published. The

metallurgists, working also with opaque compounds, are far ahead

of the economic geologist in their appreciation and use of this tool
for mineral identification.

A few, however, have recognized the use of r-ray diffraction
patterns as an aid to the economic geologist. In 1924 Kerr (41)

published an article in which he pointed out the use of this method

in mineralographic work, and explained the technique to be used.

Here also he reproduced a few of his r-ray records and explained
their calculation and interpretation. He did not, however, give any

table of data by means of which the identification of unknown
minerals can be made.

It is not necessary to know the complete theory ol r-ray produc-

tion or of. x-ray analysis of crystal structure in order to make use
of the powder method simply as a means of identification. The
powder method also lends itself admirably to polished section
study, since any mineral dug or drilled from such a section must of
necessity be in the powdered form, and under the microscope very
pure material may be secured. In addition to identification of dis-
tinct species, it is possible, by use of the accurale apparatus now
available, to determine the end members of isomorphous series,
and, under favorable conditions, to make some estimate of the
composition of intermediate members of the series. Finally, under
proper manipulation and control the method leads to results having
a high degree of dependability.
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Because of the advantages just enumerated, this method was
adopted by the writer in the hope of advancing the general tech-
nique of ore mineral identification. It was decided to start with the
investigation of the copper ore minerals, and in the time available
it has not been possible to extend the study generally outside that
group. It is hoped that similar tables for the remainder of the ore
minerals may in time be added to the material now presented. The
usefulness of this table will be greatly diminished until that is done.
Most of the non-opaque copper minerals are rare in occurrence and
may be identified more readily by means of the petrographic
microscope than by r-ray patterns. Therefore, only the minerals
in this group which are occasionally important as ores are here
included.

As originally planned, this article contained a risum6 of the
theory ol n-ray powder difiraction, and the technique necessary in
order to secure good photographs, in addition to the method of
indexing herein proposed and the tables here presented. It was
hoped, thereby, to prepare one short article, the use of which would
enable one to prepare his material, photograph it, read the record,
and, finally, to identify it. Because of the lack of space and the fact
that many good articles on the theory and technique are available,
only the method of indexing and the tables are here presented. The
articles which best cover the theory and technique ol r-ray powder
diffraction work include Kerr (41), Bragg and Bragg (9), Wyckoff
(68) ,  Clark (14) ,  and Davey (18) .
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Cnenacrnnrsrrcs ol Rr:conos

To be of any use in the classification here outlined a record
should show at least six well distributed lines, that is, lines pro-
duced through an angle of about 30'. If the record is one composed
of many closely spaced lines, then eight or ten lines produced
through an angle of 15' to 20" are sufficient. Only very doubtful
identifications can be made with fewer data.

There are two characteristics in each record which are noted
when it is read and which are here used in its classification. The
fi.rst of these is the calculation in Angstrom units ol"il" (the inter-
planar spacing) for each line on the film, the second is the estima-
tion of the intensity of each line. The values oI "d." are written in
numerical order from the highest, the line closest to the undeviated
beam (zero line), to the lowest, the line most distant from the
origin (Fig. 1). The intensity of the lines is indicated on a relative
scale as follows:

s-strong
m-medium
w-weak

Hi::lJ':*ilvweak
It is not now possible to use a numerical scale, each number of

which represents an absolute intensity, because the same mineral
will not show the same absolute intensity of lines on any two rec-
ords. This is because the absolute intensity of the lines produced
by a given mineral depends upon so many variables. Since some of
the conditions which determine intensity of lines vary in different
mountings of a mineral, the absolute intensities of the lines must
also vary in different difiraction patterns of the same mineral. How-
ever, the relative intensities of the lines are fairly constant,
although in a few cases lines of practically equal intensity are inter-
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changeable in the relative scale. Because of these conditions the
strongest line on any film is marked "s", and the rest are labeled
in relation to this line. By this method, even in poor films' the few

lines that do show retain their relative ratings.

Mnrnols ol INDEXTNG

Three methods of indexing the minerals are used in this work. In

the first method (Index 1), the records are l isted in decreasing nu-

merical order of the reading for thg first line, namely, the line with

the largest interplanar spacing "dt'. kt any two records in which
the reading for the first line is identical, the record with the higher
reading for the second line is listed ahead of the other record. The

complete record for each mineral will be given in this index. Ac-
companying this index is a plate of drawings of the corresponding
records, arranged in the same order.

In many records the first one or more lines are weak to exception-
ally weak, and therefore may not appear on poorer films. On the
other hand very good records might pick up exceptionally weak

lines, closer to the zero line, which are not shown on the writer's
records. Under such conditions indexing on the basis of the first
line shown could not in all cases be depended upon. Therefore, a

second method of indexing has been adopted. In this second index

the three or four most intense lines are taken from each record and
arranged in order of their relative intensity. These lines are the

ones certain to appear on any record of value. The records are then
again arranged in a numerical sequence, beginning with the record

having the highest value of "d," lor its most intense line, and pro-

gressing to the record showing the lowest "il" lor its strongest line.

Where records have identical readings for the strongest line the

reading for the next most intense line is also used for determining
the order. In cases where the most intense lines are so nearly equal
as not to be safely distinguished in intensity, or where the relative
intensity of lines for the same mineral may vary in different photo-
graphs, the record is listed in each of ,its possible places. This index
gives the reference to the position in Index 1 which has the com-
plete record for the mineral, as well as to the drawings of the cor-
responding record.

In the third index the minerals are arranged alphabetically by

their mineral names, reference again being given to the complete
record in Index 1.



580 THE AMERICAN MINERALOGIST

Ennon ru RB,q,trnc or Rnconps

One should keep in mind the fact that in reading and indexing
these records there is a maximum error of five in the last decimal
place for each line recorded. Therefore, a deviation to this extent
must be permitted when comparing a given record with the index.
In the case of solid solution minerals there will be a gradual spread-
ing of the characteristic distances ("i1") oI the lines as the composi-
tion changes from one end member to the other. This is well illus-
trated by the work of Machatschki (42, 43) on the tetrahedrite-
tennantite group. He finds that tennantite, the arsenic member of
the series, has the smaller unit cell. As antimony replaces the ar-
senic, or as silver replaces the copper, the size of the unit cell in-
creases. This is exactly what would be expected, since the atomic
radii of silver and antimony are larger than those of copper and
arsenic, respectively. As the cell size is changed by the variation in
composition, the powder diffraction pattern varies accordingly in
the spacing of its lines. The powder photograph is therefore char-
acteristic not only of the mineral group, but also of a mineral in
this group having a particular composition. If this variation of the
record, due to chemical change, is greater than the aforementioned
error in reading the record, the various members of such a series
may be determined. If the variation is less than that error, such a
determination is not possible.

' frrusrRATroNs

The method of using the first two tables may be illustrated with
sodium chloride, the standard used in this work for calibrating all
records (Fig. 1). The complete record for sodium chloride follows:

No. fntens. "d," A. No. Intens "d," A,

1  v w .  .  3 . 2 5
2  s  . .  2 . 8 1
3  s . . . . .  1 . 9 9 0
4 ew 1 .696
5  m .  . 1 . 6 2 5
6  . .  w . . .  . .  1 . 4 0 7
7 ew I .291
8 .  m  . . .  1 . 2 5 8

9  m  1 . 1 4 9
10 w .995
11 w .938
1 2  w . . . .  . 8 9 0
13 w. .848
14 ew .812
15 vw 780
1 6  v w . . . . . .  . 7 5 2

This wil l occur in Index 1 at the place in the sequence where 3.25
comes, which is entrv No. 30.
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. 812  i

.848 ,i

.890 A

. e38 i.

. ees i.

1 .  149  a

1.25S .E
1.291 Ft

1.407 a

1 .62s  A
r.6e6 A

r.990 A

2 .814  ,&

3.2s0 -E

Zero line

The record of the five most
sity, is: Intens.

F r c . 1 .

intense lines, in

"dr" h

order of their inten-

s . . . . . . .  .  . 2 . 8 1
s  . .  .  - 1 . 9 9 0
m .  1 . 2 5 8
m . . . . . .  .  . 1 . 6 2 5
t n .  . . . .  . . 1 . 1 4 9

This will occur in Index 2 at the place in the sequence for 2.81.
This record would also be listed in fndex 2 in the following order,

since the first two lines are of about equal intensity (Fig. 1):

ln tens .  "d i 'A .
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This will occur in Index 2 at the place in the sequence for 1.99.
Finally, in Index 3, reference to the complete record for sodium

chloride is given at its proper alphabetical position.

Inonx 1

Records listed in decreasing numerical order of the reading for
the first line, i.e. the line with the largest interplanar spacing, "d".

Expr.q,NerroN oF TABLES

Small letters: Intensity symbols.
Number above columns:Number of the entry.
For r-ray photographs corresponding to these records see plate

of line drawings.
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INPnx 2

Numbers after mineral names refer to the entry number in In-

dex 1, where the complete record may be found.

Expr-anarroN

Lines arranged in order of their relative intensity. Records lack-

ing intensity symbols will not be listed here.
. . . . indicates intensity of line is equal or interchangeable.

Increase Intensity Decrease Mineral Entry No.

5 . 4 0
5 . 4 0
5 2 0
5.00
4 . 6 7
4.40
3 . 8 2
3 . 6 9
3 . 6 7
3  . 5 3
3 . 5 2
J . J J

s . 2 3
s .23
3 . 2 2
3 . 2 2
3 . 1 2
3 . 1 1
3 .  1 1
3 .  1 0
3 . 1 0
3 .  1 0
3 .09
3 . 0 7
3 . 0 7
3 . O 7
3 . 0 6
3 . 0 6
3 . 0 4
3 . 0 3
3 .00*
2 . 9 8
2.96*

5 .00
4 . O t

3 . 5 3
5.,!0
5 . 4 0 .
3  .83
4.40
5.40
5 .20
5 .20
2 . 1 5 .  .
I  .810
1.948
t . 7 3 0
J . l t

3 . 0 4
1  9 1 1
3 . 5 2
3 . 2 2
2 . 9 8
2 . 9 2
1 .950
1 . 7 3 0
3 . 2 1
2 . r 7
1.937
1 .870
1 .870
3 . 2 2
I . d J J

1 .837
3 . r 0 .
1 .831
1 .803

* Members of a continuous series from 3.00A to 2.934.
u Intermediate tetrahedrite-tennantite series.

2 . 7 5  2 . 2 6
3 .96
2 5 2
2 . 7 5  .  .  2 . 2 6
3 . 9 6
2 . s 8
2 . 3 8
3 .96
2 . 5 2
2 . 5 2

1 .536
3 7 2
2 . 8 6  .  .  3 . 0 9
2 . 3 3
2 . 1 6

2 3 3
2 . 2 9

2 . 8 6  3  . 2 3
1 .858
1 . 7 6 8
3 . 2 1

2 . 1 6

I . Z J 9

2 . 2 9
2 . 5 7
2 . 5 5

Atacamite 2

Chalcanthite 3

Azurite 6

Atacamite 2

Chalcanthite 3

Boleite 7

Boleite 7

Chalcanthite 3

Azurite 6

Azurite 6

Marshite 2l

Chrysocolla 25

Miersite l+

Enargite 31

Emplectite 32

Emplectite 32

Stannite 35

Linarite 9

Emplectitc 32

ChalcostiSite 17

Stromeyerite 38

Berthonite 39

Enargite 31

Cubanite 12

Eucairite 20

Cubanite 12

Colusite 40

Germanite 4l

Emplectite 31

Chalcopyrite 42

Tetrahedrite 4+

Chalcostibite l7

Schwatziteo 45

Tennantite 46
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Increasee-Intensity--Decrease Mineral Entry No.

2 . 9 3
2 . 9 2
2 . 9 0
2 . 8 6
2 . 8 3
2 8 2
2 . 8 1
2 . 8 r
2 . 7 5
2 . 7 4
2 . 7 3
2 . 7 2
2 . 6 7
2 . 5 9
2 . 5 3
2 52b
2 . 5 1 b
2 4 9
2 . 4 8
) L 7

2 . 4 4
2 . 3 3
2 . 3 2
2 . 2 9
2 . 2 7
2 . 2 6
2 1 7
2 . 1 5
2 . 0 9
2 .08
2 . 0 6
2 0 4
2 . 0 0
1.990
1.963
1.925
1 . 9 1 1
1.903
1 .890
1 .878
1 .870
1 .870
1 .856
1 . 8 3 1

1 . 5 4 0
2 . 5 9

I  .856
4 . 9 8
5 . 0 0
1 . 2 5 8
3 . 0 4
5 . 0 0  .

2 . 7 5

1 . 1 4 9

2 . 7 3

2 - 4 1  . .  1 . 0 9 8
.  2 . 7 2

a  1 n

. . . 3 . 2 3  3  0 9

a < A

3 . 0 9  .  .  3 . 2 3
2 . 4 8

.  2 . 7 5  . . .  2 . 2 6
| 625 1 149
2 . 7 2

. 2 . 8 2  2 . 2 6

. 2 . 5 8 .  1 . 9 8 0  1 . 9 4 5
1 . 6 9 7
1 .599

t .740
.  . r . 7 3 3

1 . 5 0 7  1 . 4 2 8

Tennantite 46

Stromeyerite 38
Kriihnkite 4
Enargite 31

Malachite I
Atacqmite 2

NaCl (salt) 30

Covellite 26

Atacamite 2

Kriihnkite 4

Bournonite 8

Connellite 24

Penroseite 22

Stromeyerite 38

Tenorite 48

Brochantite 5

Antlerite 11

Delafosite 47

Connellite 24

Cuprite 43

Penroseite 22

Emplectite 31

Tenorite 48

Chalcostibite 17

Connelli[e 24

Atacamite 2

Eucairite 20

Marshite 2l

Whitneyite 50

Copper 51

Rickardite 28

Domeykite 10

Algodonite 49

NaCI (salt) 30

Chalcocite 34

Bornite 29

Stannite 35

Sulvanite 37

Covellite 26

Domeykite 10

Colusite 40

Germanite 4l

Enargite 31

Marshite 2l

b These two have nearly identical records.
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Increase Intensity--Decrease Mineral Entry No.

1 . 8 3 0  7 . 7 7 5
1 .800  2 .67
r . 7 7 5  1 . 8 3 0
r . 7 5 1  3 . 1 0
1 .730  1 .856
1 .607  2 .72 .  .

2 . 2 7
2 . 4 4  1 . 5 9 9
2 . 2 7
2 . 9 8  . . . 2 . 2 9
2 . 8 6  . . . 3  2 3 . . . . . 3 . 0 9
2 . 4 8  .  .  . 2 . 2 7

Umangite
Penroseite

Umangite
Chalcostibite
Enargite
Connellite

19
22
19
1 n

3 1
24

INrBx 3

Minerals arranged alphabetically. Reference to Index 1.

Mineral Entry No. Mineral Entry No

Algodonite
Antlerite
Atacamite
Azurite
Berthonite
Berzelianite
Boleite
Bornite
Bournonite
Brochantite
Chalcanthite
Chalcocite
Chalcopyrite
Chalcostibite
Chrysocolla
Colusite
Connellite
Copper
Covellite
Cubanite
Cuprite
Delafosite
Domeykite
Emplectite

Enargite 31

Eucairite 20

Famatinite 31

Germanite 4l

Kriihnkite 4

Linarite 9

Malachite 1

Marshite 27,23
Melaconite 48

Miersite 7+

Nantokite 33,36
Penroseite 22

Rickardite 28

Sodium Chloride 30

Schwatzite 45

Stannite 35

Stromeyerite 38

Sulvanite 37

Tennantite 46

Tenorite 48

Tetrahedrite 44

Umangite 19

Whitneyite 50

Wolfsbergite 32
(see Emplectite)

+9
1 1

o

6
39
27
7

29
8
5
3

34
A 1

t t

25
40
24
J I

26
t2
43
47
10
32



lfalachi

Atacani

Chalcan

Krcilnki

Brochant

Azurite

Bololte
Bournoni

Llrurite

Doneykl

Antlerl

Cubanite

Mierslte

llnanglte

Eucairi

I[arshlte

Penrosei

CorureIIl

Ch?soc

Covelll

Rickardi

Bornite

harglte

Dnplectl

Chalcoci

Stannlte

Sulvani

Stromeye

Sert,Iloni

Coluslte

Gernanite

Chalcoplrr

Cuprlte

Tetrahedr

Delafosi

Tenorite

Copper

r l l l

l l l l l

l r l

t t t l

@
o

\ o \ o @
\ r o u
Fo >o Fo

H\, o\
\rl

>.
P O
o o5- \D

o o
>o

o o o
bo bo Fo

O \ O @ {  O \ \ , r
o o o  o o
>!>0>6 >o >o

P

N(f

-.:
\I

I{o. 10. I | !

i t  |  |  |  |  |  i  i  t

tte lto. 17.

Porder pbotographs arranged tn order of lrderc 1.



JOURNAL MINERALOGICAL SOCIETY OF AMERICA 595

BrsrrocnepHv

1. Als6n, N., Uber die Kristallstrukturen von Covellin (CuS) und Kupferglanz

(Cu2S): Geol Ftiren. i Stockholm Fi)hr., vol. 53, pp. lll-120,1931.

2. Aminoff, G., Uber die Kristallstruktur von Jodsilber, Marshit (CuJ) und

Miersit (4AgJ' CuI): Geol- Fiiren i Stochholm Fdhr., vol. 44, pp. 444481, 1922'

3. Barth, T. F. W., Die reguliire Kristallart von Kupferglanz: Central'f . Mineral.,

vol. 19264, pp. 28L-286, 1926.
4. Barth, T. F. W., and Lunde, G, Lattice constants of the cuprous and silver

halides: Norsk. GeoI. Tid.d.sk , vol 8, pp. 281-301, 1926.

5. Barth, T. F. W., and Lunde, G, Beitr?ige zur Kenntnis der Mischkristalle:

Zeit. J. Physi.h. Chem., vol. 122, pp.293-334, 1926.

6. Barth, T. F. W., and Tunell, G., The space lattice and optical orientation of

chalcanthite (CuSOr SIJ|O): Am. Minerol., vol. 18, pp. 187-194, 1933.

7. Bateman, A. M., and Lasky, S. G , Covellite-chalcocite solid solution and ex-

solution: Ec. Geol , vol.27, pp 52-86,1932.
8. Bragg, W. L., The crystalline structure of copper: Phil. Mog., vol.28r pp.355-

360,1914.
9. Bragg, W. H., and Bragg, W. L., Crystalline Structurel vol. l. A General

Survey: Neu York,1934.
10.  Brasseur,H.,Thestructureofazur i te:Zei t . f .Kryst ,vol82,pp.195-209,7932
1 1. Brasseur, H., Contribution to the structure of malachite: Zeit. f . Kryst , vol 82,

pp. 111-126,1932
12. Burdick, C. L., and Ellis, J. H., The crystal structure of chalcopyrite deter-

mined by r-rays: Jour. Am. Chem. Sac., vol. 39, pp. 2518-2525, 1917.

13. Burdick, C L., and Ellis, J. H., The crystal structure of chalcopyrite deter-

mined by rrays: Proc. NotI. Acod. Sd., vol. 3,pp.644-649,7917.
14. Clark, G L, Applied x-rays,2dF.d.: New York, 1932.

15. Davey, W. P., The absolute size of certain monovalent and bivalent ions: PZys.

Rets., vol 19, pp. 248-251, 1922.
16 Davey, W. P., The crystal structure and densities of CusSe andZnSe: Phys

Ret., vol 21, p. 38O, 1923.
77. Davey, W. P, Precision measurements of the lattice constants of twelve com-

mon metals: Phys. Re''t., vol. 25, pp. 753-761,1925.

18. Davey, W. P., A study of crystal structure and its applications: Ifletrr Yorh,1934.

19. Davy, W M., and Farnham, C. M., Microscopic eramination of the ore min-

erals: Itrd?e, York, 1920.
20. Ehret, W. F., and Fine, R. D., Crystal structure in the system copper-bismuth:

Phil,. Mag, vol. 10, pp 551-558, 1930
21. Farnham, C. M., Determination of the opaque minerals: New York, l93l-

22. Frebold, G., Uber einige Mineralien der Enargitgruppe und ihre parageneti-

schen Verhiiltnisse in der Kupfererzlagerstiitte von Mancayan auf Luzon

(Philippinen): Netles Jahr. J. Min., Beil B. 56' Abt. A, pp 316-333,1927.

23. Gossner, B., The crystalform of boleite: Am. Mineral-, vol 13, pp. 580-582,

1928.
24. Gossner, B., and Arm, M., Chemische und rdntgenographische untersuchungen

an Stoffen und Kristallen von komplexer Bauart: Zeit. J. Kryst , vol.72, pp'

218-231,1930.



TH E AMERICAN MINERALOGIST

2.5. Gossner, B., and Briicke, K, Die Gitterkonstanten von Kupfervitrrol: Zeit.J
I{ryst., vo\ 69, pp. 422-426, 1929.

26. Gossner, B., and Mussgnug, F., Uber die Kristallstruktur von Zinnober und
Covellin: Central J. Mineral , 1927A, pp. 410*413, 1927 .

27. Greenwood, J. G., The crystal structure of cuprite and rutile: Phil. Mag.,vol.
48, pp. 654-663,1924.

28 Gross, R., and Gross, N., Die Atomanordnung des Kupferkieses und die
struktur der Beriihrungsfl?ichen gesetzmessig verwachsender Kristalle: Jahr.

f Mineral., Bei,l,. B. 48, pp. 713-135, 1923.
29. Hartwig, W., Die Kristallstruktur von Berzelianit: Zeit. _f. Kryst., vol. 64,

pp. 503-504, 1926.
30. Hocart, R., Sur la d6termination des paramdters de la bol6ite de Ia pseudo-

bol6ite et de la cumengeite, au moyen des rayons X: Zeit f . Kryst., vol.74,
pp.20-24, 1930.

31. Holgersson, S., R<;ntgenographische Strukturuntersuchungen von einigen
Metallegierungen (die Riehen Au Ag und NiCu): Ann. der Physih., vol.79,
p . 3 5 , 1 9 2 6 .

32. Hofmann,W , Die Struktur von Wolfsbergit (CuSbS) und Emplektit (CuBiS):
Zei t .J .  Kryst . ,  vol .84,  pp 177-203,1933.

33. Howells, E. V., and Morris-Jones, W., Investigation of copper-antimony sys
tem of alloys: Ph.il. Mag., vol. 9, pp. 993-1013, 1930.

34. Jette, E. R., Phragm6n, G., and Westgren, A. F., X-ray studies on the copper
aluminum alloys: f otr. Inst. Metals, vol. 31, pp. 193-2O6, 1924

35. deJong,W.F.,Borni te,Cu3FeS3oderCu5FeSa,regular ,ao:10.9:Zei t .J .Krytst . ,
Strukturbericht, p. 422, 1913-1928.

.j6. de Jong, W. F., Die Enargitgruppe Struktur des Sulvanit (CtzYSt): Zeit. J.
Kryst., vol.68, pp. 522-530, 1928.

37. de Jong, W. F, Die Kristallstruktur von Germanit: Zeit. J. Kryst , vol. 73,
pp.17G'180, 1930.

38. de Jong. W. F., and Hoog, A , Carrollit (Sychnodymit) : Zeit. J. Kryst., vol. 66,
p. 168, 1927.

39. Jung, H., R<;ntgenographische untersuchungen iiber Kupfer, Silber, und Gold:
Zeit. I. Kryst., vol. 64, p. 413, 1926.

40. Katoh, N., X-ray investigations on copper arsenic alloys: Zeit..f - Kryst.,vol.76,
pp. 228-234, 1930.

41. Kerr, Paul F., The determination of opaque ore-minerals by x-ray diffraction
pattems: Ec.  Geol ,  vol .  19,  pp.1-34,1924.

42. Machatschki, F., Priizisionsmessungen der Gitterkonstanten verschiedener
Fahlerze Formel und Struktur durselben: Zeit f. Kryst, vol. 68, pp.204-222,
1928.

43. Machatschki, F, Formel und Kristallstruktur des Tetraedrites: Norsh. Geol.
Tid.ssk. ,  vol .  10,  pp.  23-32,1928.

44. Machatschki, F., Algodonit und Whitneyite: Neues Jahrb. I[i.n., Abt. A, vol.
54, pp. 137-158, 1929.

45. Murdoch, J., Microscopical determination of the opaque minerals: Neu Vorh,
1916.

46. Neuburger, M. C., Uber die Gitterkonstante von Cuprooxyd CuzO: Zeit I.
Krystr., uo1.77, pp. 769-170, 1931.



TOURNAL MINERALOGICAL SOCIETY OF AMERICA 597

47. Niggli, P., Die Kristallstruktur einiger Oxyde I: Zeit. J. Kryst., vol 57, pp. 253-

259, 1922.
48. Niggli, P., Idem, pp. 269-292, t922.
49. Oftedal, I., Die Raumgruppe des Bournonites (CuPbSbS): Zeit. f. Kryst.,

vol. 83, pp. 157-158, 1932.
50. Oftedal, L, Die Kristallstruktur des covellins (CuS): Zeit. f . I(ryst., vol 83,

pp.9-25, 1932.
51. Owen, E. A., and Preston, G. D., The structure of metal crystals: Proc. Phys.

Soc. Lond.on, vol. 35, p. l0l, 1922-23.
52. Owen, E. A, and Preston, G. D., The structure of metal crystals: Proc. Phys.

Soc. London, vol. 36, pp. 14, 49, 1923-24
53. Patterson, R. A., Crystal analysis by the diffraction of :r-rays: Ind.. ond. Eny.

Chem., vol. 16, pp. 689-698, 7924.
54. Pauling, L, and Brockway, L. O., The crystal structure of chalcopyrite-

CuFeSz: Zeit. f. Ilyst., vol. 82, pp. 188-19+, 1932.
55. Pauling, L, and Hultgren, R., The crystal structure of sulvanite, Cu3VSa:

Zei t . f .  Kryst . ,  vol .84,  pp.  20+ 212,1933.
56. Quilico, A., Esame r5ntgenografico degli idruri metaliici-idruri diname: Attid'.

Reale Accad. Nazi.onile d.ei Lincei Rendic., ser. 6, vol. 4, p. 57,1926.
57. Ramsdell, L. S., The crystal structure of some metallic sulfides: Am. Mineral ,

vol. 10, pp. 281-304,1925.
58. Ramsdell, L. S., An r-ray study of the domeykite group: Am. Mine.ral, vol. 14,

pp 188-196,1929.

59. Roberts, H. S., and Ksanda, C. J., 
'Ihe 

crystal structure oI covellite: Am. Jou'r.

Scz., vol. 17, pp. 489-503, 1929.
60. Schneiderhdhn, H., and Ramdohr, P , Erzmikroskopische Bestimmr.rngstafeln,

Anhang zum Lehrbuch der Erzmikroskopie: Berlin,1931.
61. Short, M. N , Microscopic determination of the ore minerals: [/. S. Geol Suraey,

Bul l .825,  1931.
62. Teney, H., and Wright, C. M., Structure of rnercury, copper and copper

amalgams: Phil,. Mog., vol.6, p. 1055, 1928.
63. Tunell, G., Posnjak, E., and Ksanda, C. J., The crystal structure of tenorite

(cupric oxide) (preliminary report): Jou.r. Wash. Acad. Sci., voI. 23, pp. 197-

199, t933.
64. Westgren, A., Hiigg, G., and Eriksson, S , l{cintgenanalyse der Systeme Kupfer-

Antimon und Silber-Antimon: Ze.it. Physi.c. Chem., vol. 48, pp. 453-468, 1929.

65. Westgren, A., and Phragrn6n, G., X-ray analysis of copper-zinc, silver-zinc,

and gold-zinc alloys: Phil. Mog., vol 51, p. 319, 1925.
66. Winchell, A. N., "Fingerprints" of minerals: Ant.. Mineral., vol. 12' pp.261-

262, 1927.
67. Wrigge, J.F.W., and Meisel, K., Uber Molecularund Atomvolumina. (36) Die

Dichte von Kupferoxydul: Zeit. J. Anorg. Chem., vol. 203' pp. 312-320, 1932.

68. Wyckofi, R. W. G , The structure of crystals, 2dEd.: New Yorh,1931.

69. Wyckoff, R. W. G., and Posnjak, E., The crystal structures of the cuprous

halides: Jour. Am. Chem. Soc., vol.44, pp. 30-36, 1922.

70. Young, J. F. T., The crystal structure of various Heusler alloys by the use of

r-rays: Phil. Mag , vol. 46, pp. 297-305, 1923.
71. Zachariasen, W. H , X-ray examination of coiusite (Cu,Fe,Mo,Sn)r(S,As,Te)s a:

Am. Minerol., vol. 18, pp. 534-537, 1933.




