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MINERALOGICAL NOTES

DJURLEITE, Cur eoS, A NEW MINERAL1

EucBNB H. RoscnooM, JR., LI . S. Geolog'i'cal Suraey, Woshington' D' C'

Until recently the only known sulfides of copper were covellite (CuS)'

chalcocite (CurS), and digenite (about Cur.eS)' Then Djurle (1958)

described three polymorphs of a new synthetic compound, Cur'geS' The

writer has found the low-temperature polymorph of this compound'

Djurle's Cur.geS III, in nature and proposes the name djurleite'

The identification of djurleite is based primarily on the close corre-

spondence between r-ray powder diffraction data and those of Djurle's

Cur.goS III, as shown in Table 1.

The main problem in the identification oi djurleite is to. distinguish

it from chalcocite. The two minerals possess superf.cially similar r-ray

patterns, differ chemically by only about 0'3 weight per cent S' and

iesemble each other under the metallographic microscope'

The three strongest r-ray powder diffraction lines of djurleite' which

are shown in Fig. 1, are veiy close to the three strongest I ines of chalco-

cite, suggesting a structuraisimilarity. Many of the weaker l ines of the

two minerals have similar d-values, but the relative intensities are very

difierent. About one-third of the djurleite lines have no chalcocite

equivalents and these include the fifth strongest djurleite.l ine ld:3.386

A, za (cnfd :26.32"1. Nine difierent specimens of djurelite from seven

localities yielded virtually identical *-ray difitactometer patterns' three

of which are shown in Fig. 1' No patterns transitional between djurleite

and, chalcocite were observed. The existence of a limited chalcocite

solid solution between about Cur.ggS and CusS was demonstrated by

Kullerud (1960) in the system cu-s. The writer has obtained similar

results and found all synthetic chalcocites to have nearly identical z-ray

difiractometer patterns at room temperature'

All specimens of djurleite examined in polished section contained

sufficienl finely disseminated digenite, bornite or pyrite to render a

chemical analysis meaningless in vie* of the small difference in composi-

tion between djurleite and chalcocite. However, H. J. Rose, Jr., of the

U. S. Geological Survey, examined U. S' National Museum specimen

No. 92349 by means of r-ray fluorescence analysis, using synthetic copper

sulfides as standards. The analysis indicated a composition between

chalcocite and digenite' About 0'8 per cent of Fe was present (probably

as pyrite). No As or Sb was detecied. Djurle's (1953) study places the

composition of his phase, Cu1 .e5S III, between Cur'srS and Cur'szS' His

1 Publication authorized by The Director, U S' Geological Survey'
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Cur gsS samples always contained traces of digenite and the Cul e7S
snmples, traces of chalcocite.

rrr polished section, djurleite is similar to charcocite in color, hardness
and anisotropism. A polished section of chalcocite and two of diurreite
gave identical results when etched with solutions of HNo3, HCI; KcN,
FeCl3, KOH, and HgCl3 in the concentrations described by'Shori (tO+0,
p. 99). The results of etching were essentialry those described by Short
(p. 113) for chalcocite except that alr these specimens tarnished a faint
yellow brown with HgCL. The failure of these tests to distinguish between
chalcocite and djurleite is not surprising in view of the small composi-
tional difference and the probable similarity in structure. Djurleite
behaves differently from chalcocite during polishing, a feature which
was pointed out to the writer by J. W. Greig of pennsylvania State
University. During polishing, individual grains of djurleite show many
different shades of blue and gray, suggesting that iour or fi.ve phases
are intermixed. However, continued porishing ultimately results in a uni-
form gray color.

The identity of djurleite and Cur.soS III was further confirmed by
converting a sample of the mineral to another polymorph, Djurle,s
Cu1 e6S II, which has tetragonal symmetry and an i-r^y puti"ir, 1fig. t;
completely unlike that of charcocite or any other phases in the system
cu-S. This was done by heating the sampre in an .evacuated seared
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Frc. 1. X-ray powder difiractometer patterns of chalcocite, djurleite and synthetic

Cur goS II. The chalcocite is from Bristol, Connecticut. The djurleites are from the U. S.

National Museum: No.92349. Barrana de Cobre, Chihuahua, Mexico; No. R9925, Leonard

Mine, Butte, Montana; No. C387, Tsumeb, Southu'est Africa. The additional peak at 47"

in R9925 corresponds to the strongest peak of bornite, which rvas observed in a polished

section of this specimen. The heavy arrow at about 26.3'indicates the most diagnostic peak

of djurleite.

silica tube at 4650 C. for 15 hours, and quenching. By contrast' none of

the higher-temperature chalcocite polymorphs can be quenched.

Djurleite should prove to be a common mineral. It was found in the

following specimens from the U. S. National Museum: No. R7563,

Salvadora Mine, Milpil las, Chihuahua, Mexico; No' R9925, Leonard

Mine, Butte, Montanal No. C387, Tsumeb, Southwest Africa; No.

1 1 2818, Bagacay, Samar Islands, Phil ippine Islands ; No. 92349, Barrana

de Cobre, Chihuahua, Mexico. In addition, the writer identified djurleite

in specimens from Morococha, Peru, and from Butte, Montana, kindly

loaned by Ulrich Petersen, Cerro de Pasco Corp., and H. W. Smedes of

the U. S. Geological Survey.

Deorccs  2O Cu Kcx
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Nobuo Morimoto (in press) independently has found the same mineral
i '  a number of localit ies. He and the writer have asreed to both use the
name, djurleite.
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VACUUM.FIRING AND HIGH-TEMPERATURE REPLICATION OF KAOLINITE

R. Bonasry AND C. A. Sonnerr, []niversity of Illinois, Llrbanu,
I llin oi.s ; M i ami, Lr nia er s ity, O rf or d., O hio.

INtnooucrrow

Electronoscopic observations of kaolinite at elevated temperatures
have been limited to replicas of the material after heat treatment and
cooling. This gives no assurance that the structure observed is truly
representative of the surface at elevated temperatures. rn order to
eliminate this diff iculty, experiments were conducted with a technique
for replication of hot surfaces. This technique introduced an additional
variable that was not considered when the experiment was originally
conceived, namely, the effect of firing in a high vacuum. The purpose
of this note is to describe the technique and to present representative
electron micrographs of kaolinite fired in air and in vacuum, and repli-
cated while hot and after coolins.

ExpBnrltnNrs

one gram of kaolinite was suspended in 50 ml of disti l led water and
shakerr thoroughly. Ten drops (ca. 0.5 ml) of the suspension was placed
on a molybdenum boat (Fig. 1) and allowed to dry at room temperature.
The specimen was next dried at 60o c. for 12 to 24 hours in a laboratory
oven. After drying, the boat was attached to one pair of electrodes of a
high-vacuum evaporator. A small piece of gold (rn_p. 1063" C.) or a
small flake of manganese (m.p. 1260" c) was placed on the dried clay
surface to serve for temperature calibration. A tungsten basket with
platinum (co. 3 mg) was positioned on another set of electrodes to pro-
vide shadowing at a 30o angle to the plane of the surface. The bell iar




