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A NEW BASIC COPPEE PHOSPHATE MINFRAL
FROM SANTA RITA, NEW MEXICO

Introduction

In the spring of 1950, through the courtesy of ir, G. J, Ballmer,
Superintendent of Mines; a dark emerald greenm, crystalline, encrusting,
copper mineral from the Santa Rita open pit copper mine, Chino Division,
Kennecott Copper Corporation, Hurley, New Mexico was given to the
University of New Mexico for idemtification, The mineral was found by
Mr, wmmm,mm&m&m&tapﬁ, in some
fissures between two quarts monzonite dikes, 100 foet below the G165
bench, This particular area of the pit is a highly altered section
where the disseminated copper ore runs 0,5%-1,0%, Mr, Ballmer and Mr,
Baltosser believed the mineral probably would be one of the mere camuon
Supergene green copper minerals, such as atacamite, antlerite, or bro-
chantite, and requested the mineralogy laboratory of the University to
make the distinctien,

Supergene minerals are not common, nor are they rare at Santa Rita,
Kerr (1950,307) reports the presence of cuprite, melacomite, native copper,
chrysocolla, malachite and azurite, There is also smithsonite M

Thaphysicalappmeofﬂxemiml ccupledwithprehnimxw
deteimindtions of the indices of réfraction, gave a rough correspondence
with dihydrite (Larsen and Berman, 193L,135)., However, enough discrep-
ancy existed to warrant taking powder and Weissenberg X.ray pictures,
Fron these it was evident immediately that the specimen was a new mineral

species,







Lcimosviedgnents
The writer is indebted to Dr. Carl ¥. Beck for suggesting the
probles; to Dr. Beok end Dr. Dexter H. Reynolds for seientific ald and
advice; to Dr. Viocent C. Eelley and Dr. J. Paul Fitzsismons for helpful
suggestions end eriticel resding of the meruscript. The vriter is es-
pecially endeblad to Hr. ¥illism Baltosser who gmerously donated svecie
meas of this nev minersl fron his private celisction.

Fhysiszl Properties

4 specilic grevity deterzinstion was mede by means of & nicroshen~
icsl mnalytiecsl balsnee, first weighing the crystal in air and then in
carbon tetrachicride (m‘). This procedure wes necessiteted by the
small size of the crystals end by the faet thet not anough matsrial
could be sacrificed for a pymometer deterwination. The largest cry-
stel obtainsble weighed 6.26 mg. in d?, end 3.17 mg. in 0011.' {specific
gravity = 1,599). Using the formales

d=

veight in a.ix\-wié.hf in m‘x density ﬁ;

a4 = Q.& : s d4=35.22
+45=3,1751 . 595
‘the density of the minersl wes found to be S.éz. & alose check vith the
't?f:ac:'réuéaiﬁiﬁ(.pa.@-'sj.. R b . ek St R
The clesvege of the minersl is perfect parallel to the priss {110);
hardness, 5-6; luster, sdamsatine to vitreous; color, dark emersld green;
diaphaneity, transpsreamt to translueent; fracture, irregular,

e



















3.

Structural Crystallogrechy

! The msteriel zvailable for study tended to have good crystel {sces
mt.uumgnmmtmmtxtmmnmmw:maaugh
mﬂwmmtmrmmmd. Fortunately, one pere
feot, m tepminated Srystel was found. It was possible, therefors,
ummmmmmm;mmmmmm
mumphzem. cnloc redistion wes used through & Hi filter to
muu@m The Weissenberg films indieated rigorously
momumrmmmmm(w.
1949, 482-483). ' '
| eonditionss (M) present in sll orders, (h0l) present only with h £ k =

(m)wnmm,(m} ‘enly vith k £ 1 = Zn,
(m)wwumhca,(w) pmtmzyuthkaan,m(mn
‘Mnmm; Mc&hﬂamWﬁﬁiofwmm ’
group cz.mru (Intermetionsle Tebellen, 1944,108-109)

'ﬁsvﬂmmrﬁrmhtuccmam

e=7478%,v=83 %, ede=s5e?

wrm t = i where 1 u'thoiduxutypm.od(w‘-
sin tan X

togitvl‘rai..ta is the number of the lsyer, 4 is the wave length of
uﬂm,r umwammmmmmm,m r
ummdmm mmeuhtedwlmamsimm'hhhl.
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Table I

iotation Arcund 8 fxis

1 x 1.539 = 7.5 2

gin tan™{(5.4/25.85)

£
~2
.

£
o]
ey

0 = 2X 1,539

H

gin tan ~(11.35/26.85)

3 x 1,539 = .01 &

sin tan™*+(18.95/26.35)

il

.
™

g.13 3

. 1,539

gin tan™+(31.10/26.85)

it
i

7.9 % 1s the measured g

lattice dimensicn
Rotation Around b Axis

% 1,539 = 7.67 &

i

2 x 1,939

3 = sy ¢ -~ Fong \
gin tan™(5.50/26.85)

i
o3
»
(921
o)

sin ten™4(11.75/26.85)

i

3 x 1,539

7.75 %

P

il

u 1539

T

sin tan™4{19.90/26.85)

7.87 2

sin tan™*(33.75/26.85)
7.7h % is the measured b
lattice dimension
Hotetion Around g ixis

o
1x 1.539 = 5.58 &

sin tan™{7.70/26.85) g
2 x 1,839 = 5,668
"sin ten™*(17.40/26;85) £ -
3 x 1.539 = 5,768

sin tan™*(36.05/26.85)

5.678 is the measured g
lzttice dimension







5

he srrroximote cell dimensions ss determined by rotetiom phologrerhs
end indiested in the ebove table were checked and detormined ncour-
etely by use of the X-ray powder photogrsaphs.
X~-ray Powder Pattein

By messuring the distences between the lines cn the powder A-rey
shotograrhs, the distances between the crystallogrsphic plenes (d) were
determined., These d's proved that the powder pattem did mot metch any
rettern of previcusly known minerels (Alphabeticel wnd Grouped Numericel
Index of XY-psy Diffrection Dete, 1950). The d's end estimeted inten-
gities were chocked from three films, and, by using the fommula

a5

az b c::Z

it was found thet every line sgreed with ocme or more theoreticel walues

(Table I1).
The powder pettern of paseudomelechite, the dimorphous form of the
new minerel, is listed in Teble III for comparison and contrast. The

souder pettern of peeudomslechite vas messured end caleulsted by Berry.

(1950, 383).
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d-ray Powder Pattern

Tebie I

270‘»6

28430

9.1z

5.83 £ (o01)

4.80 (011;
4.16 (02
3.74 (200)
2.91  {oez)
(213}
2.63 213@)
2.55 (112)
2.43 {(o02z2)
231 (=202)
im)
301)
330)
2.08  {231)
040)
1.92 !{313)
132)
1.87 2113)
400)
(141)
1.80 (210)
(312}
(240)
.77 (123)
(411)
{331)
(241)
{042)
: (420)
187 (322
it T
1.62 142)
051)
150)
1.58 (033)
iy
421
(402)

5.83 £ 1 51.35

477
4-1‘)
374
2-92
2.88
20{3&"’
24 57
2439
230
2e36
259
2.33
2,06
2.08
1.89
1.9
1.86

1-87

1.85
l.82
1.81
1.82
1.71
1.7G
1.73
1.7
1.69
1,70
1,70

. 1.68 |

1.65
1.60
1.62
1.59
1.58
1.59
1.57

1 31.%0

1.32445

1 33.92

1.34.85

1 35.85

1 36.8C

1 37.50

1.38.45

1.51 %

LedE
1.46

1ed3

i.38
1.35
i.31

1.28

351) 1.33
252) 1.34
441) 1.33
(333) 1.33
(413) 1.3
(530) 1.31
{260) 1.30
(155) 1.28
(134) 1.27

.ARz).1.28 .

(224) 1.29
(204) 1.29
{053) 1.27
(531) 1.25
(312) 1.24
(153) 1.24
(343} 1.22

L2

B e m———
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Teble II Contimmed

2 29.72 1.558 (133) 1.568 1 3845 1248 (s22) 1.2

(151) 1.5 062) 1.25
1 4440 1.10 (460) 1.11 035)  1.20
(270) 1,13 1 A5.50 - 1.08 " {a2s) 1.09
{432) 1.3z {551} 1.07

(125) 1.11 315) 3.4
(215} 1.10 135) 1.06
(242) 1.13 225) 1.7
(602) 1.14 {(701)  1.05
(505) 1.1 (305) 1.06
{(370) 1.10 oAy 108
{640) .07

Table IIL

Feusdonslackite Z-ray Powder Patiem

{2133 4;7“5 2 (M o “W;} z 1 17.55 2-56 g (323) 2.56? 2

1C 9.92 4.48 P\u) 4485 i (610) Z.543
5 12,87 3.6 111) 3477 6 18,55 2.42 Gzl) - 24424

415}  BuazS (601). 2.422
§ 13.64 3.27 211} 3.254 8 18.B5 2.39 (121) 2.3
2 1439 3.12 Fiws s B 04 5 LR ; {(420) <38
& 1443 3.9 1) 3. 1) 2382
2 14.59 3.04 (311) 3.025 5 13.38 2.3 221} 24337
L 15.08 2.97 {311) =z.987 {221) 2.325
3 15.24 293 (%519) 2933 5 20,19 2.23 (002} 2,245
1 15.71 2.88 (600) 2.843 (710) ' 2.243

(m"s) 2.838 1\ Zam
3 16.43 2.72 3} 2,729 B1) 2.2

g;,;) 2705 {3z3) 2.2

Other velues are given by Berry, but these sre sufficient to show the dif-
fer nee between these dimorphous winersls. Figure 2 illustretes »ictorisd
iy the differences in the powder patterns of oseudomslechite end the new

minereli.







8.

Horphological Crystallogrephy

Three sepsrate erystels, vhich could be mounted on & twoe-circle
gonicmeter head, vere used for the measurement of interfecisl angles,
Two of these crystsls vere mounted with the ¢ exis persilel tc the
txis of the goniometer hesd snd the third vas successively mounted
with eash of the three crysteliographic exes parsllel to the axis of
the hexd, The faces were mscroscopically excellemt but vhen sude
jected to o ticel reflection examination, s;peared rough end geve
muitizle reflections., Howvever, after the eslculated angles vere com-
ated end compered with the messured angles, there wes an ercellent
eoincidence of data (Tsble IV).

The computetion of the sngles wes sccomplished by the use of simple
trigonometrie functions. The lengths of the sxes sre known from the powe
der psttern, and, therefore, the angles mey be computed by finding the
tengentisl reletions of these welunes.













Ge







e

Table IV
Messurement of Interfeeisl Angles
Heasured Angles

2 Suaiity £hi
(10) Ao
(110) Poor 132°100
10) 10 to 228° o
110) Feir 312° 08"
{020) 3 0ot
(010) Z Vexy Foor 180 00*
011) : 0 0o
}QLQ ; b Loox. 180 00t
Celeulatad Angles
Form Eho Fhi
(110) 90 00* 48 C3'
0) 90°00" 131° s5¢
Q) 9C° 00! 228° 03¢
110) 90° 00" 311°57¢
60_3.0) 90° 001 a’oot
010} 90° 00" 1807000
{0Ly) {35“03* (o380’
o) SRt Aot

Because only (110),5 11}, end (010) were present, it wss impossible
to measure good values for the polar slements, because terminsi faces
which intersect =11 three crystellograshic axes must be present, or (101)
&s well as (011). However, it is possible to caloulate the polar ratio;

PG 3T m= 0.7803; 0.7016: 1
2 % o

from which the following exisl rstio is calculated;
a: b: ¢ = 0.8989: 1 : 0.7016
Gnomonic projections of the minersl were mede using the celculsted
interfaeiel sngles. A perspective dreving wes made of s erystel from

the gnomonic projection. It is shown in Plate .
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10.

Composition znd Cell Content
Only 0.2399 gm. of the mineral could be used for chemical snelysis,
The results of this snslysis srs 28 follows:
Copstituent Zergent
CulesssessscecoscssscscasedDe
Pfgusssssscacannsranasasanihedld

Ezc........'....‘...O.’."Gﬁﬂsv

Tot&l........-.n........-.99.99
Table V
Determinstion of the Empirieal Formuls

Eercent Cul = 69.09 = 8675

Mol. wt. CuD 79.57

Eereent Po0s = 24:33 = #1716 78

f’&{}*a whe 2)105 wa% - ?l 1-’:’(;'\:'

&

fexceont HoO = 6.57 = .365 ﬁ 2.068

The chemical anslysis, by czlculstion shown in Teble ¥ ¥V, yields the
empiricsl formule ms(m4)2(oa)‘ or 2&:(03)2 041,(?04) for the minersl.

The structurel lsttice dimensions coubined with the measured specific
grevity (5.22) and the ehemicul anelysis of the meteriel gives the mumber
of :sclecules in the unit oell:

density = mm
volune

g:gg;l,,g"ixp‘z‘

g xbxe

vhere M = mass of the chemical unit of which the erystal iz composed







d = density
axXbxec= volune of unit cell

n = numbsr of molecules in the unit cell

1.649 x 1\3"24 = Avogsdro's mmber vhich changes units of stomic weight
into grama.
5.22 = 1

583 x T47 % 8,31
In this formule p solves out to almost exsctly 2 end inssmuch &z n must
be & vhole number, th§ speeilic grovity of the minersl is 5.24 M 2
is substituted for n end d is esloulated from the forwula sbove.
Therefore, the atrﬁctnm formule for the minersl is Cuy{F0 4) 4(03} "
or 2 (Cuf’(POa) 2(0}!) 4) which mskes the mineral dimorphous with psendomale-
chite (Berry, 1950).
Optical Properties
The optical propertiee, a¢ determined by immersion oils and the
petrograshic microseope ere: ke 1.698, = 1.745, and ¥ = 1.783 (211
£ 0.001)5 2V = 90°%4; optically (A); x = e The (110) clesvege of the mine
aral gives a scmevhat preferred orientation (aimost verfeetly centered
optic exis figure). This perfectly centered optic axis figure gives the
full vaiue of @ » The full values of < and ¥ cen zlso be obtained as
the minera] is very brittle and fructures part of .the tize, with no

rreferred orientstion.
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