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AJOITE, A NEW HYDROUS ALUX{rNUII
COPPER SILICATE*

W. T. Scu,uLER AND ANcBr-rN.q. C. Vrrsrors, U. S. Geological

Suruey, W ash'ington 25, D. C.

ABsrRAcr

Ajoite is a nerv bluish-green hydrous aluminum copper silicate from Ajo, Pima County,

,\rizona. It rvas collected by Harry Berman in 1941 and recognized by him at that time as

probably a new mineral. Mostly massive, a few cavities contain platy crystals or laths

elongated parallel to c and flattened parallel to {010}. It is biaxial positive with indices of

r e f r ac t i ona :1 .565 ,8 :1 .590 , ' y : 1 .650 ,  +2V :68 " ,X :b ,ZAc :15 ' .Thespec i f i cg rav i t y
is 2 96. The r-ray powder pattern could not be related to that of any other copper silicate.

The strongest  l ines are:  12.4 (100),  3.34 (25),6.19 (9) ,  4.12 (9) ,3 09 (9) .  Examinat ion wi th

an r-ray diffractometer showed that neither medmontite nor any montmorillonite group

mineral can be present Chemical analysis yielded the formuia AlzO: 6CuO 10SiO: SiHzO'

Ajoite is not related to any of the several impure mixtures oi copper silicates and aluminum

minerals.

INrnolucrroN

Specimens of a bluish-green copper aluminum sil icate, named ajoitet

af ter the locality Ajo in northwestern Pima County, Arizona, were col-

lected by Harry Berman of Harvard University, in August 1941 to-

gether with specimens of dark blue shattuckite. Preliminary examina-

tion by him, chiefly optical, indicated that the greenish mineral was

probably a new species. It had been planned by Berman and Schaller to

collaborate on the study of this new mineral and possibly to extend such

a collaborative investigation so as to include all the known copper sil icate

minerals, a plan null if ied by Berman's untimely death in 1944. It is a

tribute to Berman's keen perception that his earlier prediction of a new

mineral has been borne out.
The two gram sample of massive ajoite prepared for analysis by Ber-

man was further purif ied by hand-picking the few remaining small

spherulites of blue shattuckite enclosed in the greenish ajoite. The

resulting purif ied sample was analyzed by Angelina C. Vlisidis after a

pycnometer determination of the specific gravity and a preliminary

spectrographic analysis.
Later, the entire collection of these specimens was forwarded by Prof'

Clifford Frondel (Harvard University) for completion of the study. A

second small sample of massive ajoite was prepared from these samples
for the several qualitative tests made, checking the optical determina-
tions, and taking additional r-ray powder-diffraction patterns.

* Publication authorized by the Director, U. S. Geological Survey.

t Pronouncecl ah'ho ite.
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AssocrlrroN

N{ost of the ajoite is compact massive, resembling some deeper colored
chrysoprase in color and specimen structure, and is intimately mixed
with dark blue shattuckite and white massive quartz. Occasional small
cavities contain aggregates of elonaged plates of ajoite, a mill imeter and
less in length. Other less abundant associated minerals observed are
minute pearly scales of sericite, white powdery quartz, pyrite, very pale
blue altering shattuckite, l imonitic stains, and on one specimen massive
co:richalcite. Berman (letter to W. T. Schaller, dated June 12, 1942) also
noted the presence of this mineral (he referred to it as "higginsite")
perched on the new copper sil icate.

As observed in a thin section, the relation between ajoite and shat-
tuckite seems rather indefinite, but, in general, the greenish ajoite ap-
pears to have replaced the shattuckite, as noted by Berman. On the
other hand, the presence of small seams of shattuckite, grading down in
size to isolated minute spherulites, suggests to one of us (W.T.S.) that
shattuckite may be forming at the expense of the ajoite and later than it.

Puysrcer, AND OprrcAr, PnopBnrrns

In color ajoite approaches very closely Ridgway's Venice green,
Plate VII,41. BB-G, about 75 per cent green and 25 per cent blue.

A letter, dated June 12, 1942, from Berman to Schaller, stated that
the l ight green, lathlike ajoite found replacing the shattuckite is mono-
clinic, elongated parallel to c and flattened parallel to {010}. Berman
determined the indices of  ref ract ion to be a:1.565,  B:1.590,  7:1.659,
with a birefringence of 0.085. From these indices 2V is calculated to be
68'. Optically positive, X:b, ZAc:15o. These values have been con-
firmed by Schaller.

The specific gravity of the analyzed sample is 2.96 (pycnometer).

. X-Ray Powtpn-DrnlnacuoN Dara

X-ray powder-diffraction patterns (fi lms 5759, 12557, and 12559) of
the massive analyzed material are identical with those taken of the bet-
ter crystall ized material (f i lms 5757 and 5757A) on which Berman made
his optical determinations. The measured powder data l isted in Table 1
were obtained from a pattern (fi lm 12559) taken by Mary E. Nlrose,
U. S. Geological Survey, with a Debye-Scherrer camera (114.59 mm.
diameter) using the Straumanis technique, with CuKa radiation (Ni
f i l ter ) ,  I :1 .5418 A.  p i tm 12557 is  reproduced in F ig.  1.

Couposrrrow

The analysis of the small sample of ajoite first purif ied by Berman
and later by Schaller, guided by prior spectrographic examination,
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Tesr,B 1. X-nlv Powonn-DrrrnectroN Dera lon A;onr rnou A1o, AnrzoNe
(anall,zed material; film 12559)
CuKa (N i  f i l te r ) ,  I :1 '5418A

Camera diameter 114.59 mm.; cutoff at 17.7 r\
Corrected for shrinkage (by M. E. Mrose)
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Plus many more weak lines

I Intensities were obtained bv visual comDarison with a calibrated intensity strip based
on log y'2.

showed that ajoite is a hydrous aluminum copper sil icate with the for-

mula AlzOa.6CuO .  lOSiOr.  S*HzO.
The spectrographic analysis by K.J. IIurata, U. S. Geological Survey,

showed:
XO Si ,  CU

X Al ,  As,  Ba
O.X Ca, Fe,  Mg, Mn, Ti

O .OX  Na
o  o o x B

Not founcl: P, Pb, V, Sn, Be, Bi, Cr, Ge, Li, Sb, Zr, Zn

The results of the chemical analysis are given in Table 2.The formula

der ived therefrom is  AI :Oa.  6CuO. 1OSiOz'5+HrO.
Ajoite is readily decomposed by acids, leaving a coherent white mass
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Frc. 1. X-ray powder-difiraction pattern of ajoite. Cu Ka, Ni filter.

of hydrated sil ica with small unattacked particles of blue shattuckite
scattered through it. At room temperature, with 1: 1 HCl, decomposition
takes place overnight. In 1: 1 NHOB several days are required. When the
mineral was treated with NH+OH at room temperature overnight, no
reaction was noticed.

The role of arsenic and barium in the mineral is not definitely known,
but the arsenic is considered as due to admixed conichalcite and the
barium to barite as the ratios of BaO (0.0033) and SOa (0.0029) are very
close. Based on the determined percentages of AszOr and of BaO, 3 per
cent of conichalcite and 0.76 per cent of barite are deducted as impuri-
ties. The value siven for FeO is for total iron.

Trr;n 2. ANll.vsrs or Ayorm
(by A. C. Vlisidis)

Analysis
Deducting

conichalcite
and barite

Remainder
Ajoi te

Ratios

sio:

CUO
FeO
MnO

Mgo
CaO
BaO
AlzOs

45 .90

33 .90
. 7 8
. 1 0

.66

.99

. 5 0
7 .30

. 1 6
1 .33

. 2 3
2 . 5 5

5 .03

99.43
2 . 9 6

45 .90

3 2 . 9 8
. 7 8
. 1 0

.66

. 3 4

7 .30

. 1 6

2 . 5 5

4 . 9 3

9 5 . 7 0

TiOz
AsrOr
SO:
H:O-

HrO+

0 . 7 6 4 2  0 . 7 6 4 2  1 0 . 1 0
1 0  x l . 0 1

.M94 5 .94
6  X 0 . 9 9

0 . 9 7
. 0 7 3 6  1 x 0 . 9 7

5 . 4 9
. 4 1 5 1  5 + X 1 . 0 0

.41461

.010e I

.0014 [
(

.0164

. 006lJ

.07161
I

.oo2o)

.  r+r-r  I

I
.2736)
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Determinations of the water content of ajoite were repeated on two
other small samples of the material, (1) a second small sample prepared
by Berman and (2) a small sample prepared by Schaller. The results ob-
tained are:

HzO-
HzO+

Total HzO

If the values of (2) are substituted for those given in the analysis. then
the ratio of the total H2O becomes 5.96, very close to 6.

RBre,rroNs ro OrHER Copppn Srr-rcarrs

John C. Hathaway of the U. S. Geological Survey examined ajoite with
an r-ray diffractometer using both air-dried and ethylene glycol sat-
urated samples and was unable to detect any montmoril lonite group
mineral. X-ray examination of ajoite heated at 400o C. showed no col-
lapse in the structure. These results demonstrate that neither medmon-
tite, a copper-bearing (20.96 per cent CuO) clay of the montmoril lonite
group, nor any other montmoril ionite group mineral can be present.

Ajoite is not closely related to any of the several described hydrous cop-
per aluminum sil icates such as traversoite, a l ight blue "new variety of
chrysocolla" with 21.84 per cent AlzOr and 32.84 per cent H2O, believed
to be a mixture of chrysocolla and gibbsite;or pilarite with 16.9 per cent
AIzOr and 21.7 per cent H2O, or to similar material from Utah with 10.78
per cent AlzOr and 25.76 per cent II2O, the alumina being ascribed to ad-
mixed allophane; or to any of the several probably impure bluish chryso-
collas with small amounts of AlzOa. A mixture of chrysocolla and alunite
(or natroalunite) has also been described. \Iost of these chrysocollas
containing appreciable amounts of alumina are probably mixtures of
typical chrysocolla (essentially CuO.SiOz. 2HrO) with other copper free
minerals. Alumina is commonly present in these mixtures as hydrate,
phosphate, sulfate, or sil icate. All these mixtures contain much more
w l ter  thcn is  present  in  a jo i te .
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