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On distinctive growth Juarks
in quartz druses
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ABSTRACT. - Crystals from two quartz druses of
different origins (Brazil, Italy) have previously been
studied by X,my topography (ScANDALE et al., 1983;
SCANDALE and STASI, 1985). In this paper, their
growth histories are compared and observed defects
related to growth stages. In particular, dislocations
were found to be directly related to changes in
chemico-physical growth conditions and may be
seen as growth marks that characterize and dif,
ferentiate the druses studied.
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RIASSUNTO. - Cristalli pre1evati da due druse di
quarlO di diflerenti origini (Brasile, Italia) sono
stati studiati mediante topogra6a R. X (ScANDALE
et al., 1983; SCANDAl.E e STASI, 1985). In questo
lavoro vengono oonfrontate le IOTO storie di crescita
cd inoltre si correlano i difeni osservati agH stadi
di crescita. In particolare, si e trovatD che le
dislocazioni sono direnamente correlate alle varia,
zioni di condizioni chimico-fisiche di crescita c che
possono t:ssere considemte come marchi di crescita
che caranerizzano e differenziano le druse studiatc.

Parole chiave: druse di quarlO, difeni di cresdta,
ropogra6a R. X.

Introduction

While the earliest studies of natural
crystals by X-ray topography (LANG, 1959)
focused on structural defects (LANG, 1963;
AUTHrER and SAUVAGE, 1966; LANG, 1967),
topographic study of defects was later ap
plied to reconstruct the growth history of
individual minerals (LANG, 1974; GrAcovAz
zo et al., 1975; ISOGAMI and SUNAGAWA,
1975) and to allow comparative study of
single crystals of different origins (CoRNEY
et al., 1976; SCANDALE et al., 1979 a and
1979 b). This type of study has proved to
be very useful from a mineralogical point
of view since it provides important infor-

mation about the genesis of minerals (GRA
ZIANr ct al., 1981), the origin of the defect
(SCANDALE and ZARKA, 1982), and the na
ture of optical anomalies (TANNER, 1972;
SCANDALE et al., 1984) even when there
is a total lack of geological and petrographic
data concerning the origin of sample.

Since the ultimate goal of mineralogy is to
contribute to knowledge of the chemico
physical history of the Earth, it waS quite
natural to study crystals grown in the same
conditions so as to find possible growth
marks characterizing the growth history and
genetic medium of the minerals.

This was in fact the aim of the defect
study of crystals from a Brasilian quartz
druse (SCANDALE et al., 1983), results of
which indicated intrinsic unit defects of
crystals from a druse. A complete growth
history reconstruction has allowed us to state
that since different defects correspond to
different stages of growth history. defects
may be considered as growth marks for the
druse.

In particular, inclusion absorptions in
dicated growth·condition changes and new
dislocation sets were detected in the growth
stages following the impurity absorption.

The study of a second quartz druse from
Rocca dei Cristalli, Val Malenco, Italy
(SCANDALE and STASI, 1985) confirmed the
role of inclusions and dislocations as growth
marks, even in a druse from a different
geological site, and supplied more informa
tion on growth marks. I n fact, prominent
x {5I61} growth bands were observed and
related to the line orientation of dislocations,
indicating that growth bands corresponding
to minor forms must also be taken into
account in growth-mark research,
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Fig. I (J·b. - BD quartz druse (Brazil). X.ray topographs. D.: basal dislou.tions. G: prismatic growth
horizons. D.: pyramidal dislou.cions. /: inclusions. _ ill) BDI crystal. Sli~ 2. I. = IoTa. b) BOI cryna!.
Slice 8. I. = T100. c) BOIl crystal. Slice 2. I. = IOTa. In BOI Cl)'stal, Starling from 5' (lis. J) and
mol'C' so up 10 510, a dett:rioration of the crystlllillC' quality can be seen. In 8011 crystal, evid<onl:e
of ct)'SlallillC' quality dclermlion is presenl only at levd of S' (not reponed here).

The purpo5t of this paper is to compare
Ihe growth histories of the studied druses
as an initial slep towards a generalized study
of growth defects in crystalline aggregates.

The study of a third quarrz druse, from a
well-know geological site, is now underway
as a further generalization and in order to
connect strucrural defects to geological data.

Materials and methods

Crystals of twO quartz druses were studied
by X-t1ly topography (ScANDALE et al., 1983;
SCANDALE and STASI, 1985). The sample
sites are nOl lIvailable; it is onlv known that
the first druse. labelled BD.' comes from
Brazil while the secnnd. Illbdlt.'l.1 RC, is from

Rocca dei Cristalli, Val Malenco, Italy. Two
single crystals were cut from each druse
.nd I.belled (BDI, BOIl) .nd (RCA, RCB)
respectively. In order to obtain general
results, the crystals of each druse were
selected with different sizes and development
of crystal faces. Successive series of thin
plates about I mm thick were cut parallel
to basal plane, from the bottom to the top
of the crystals; ten plates were obtained
from each BD crystal and six successive
plates from each RC crystal, a number
considered necessary to give a careful re
construction of the growth histories.

The slices were then mechanicalIy polished
and chemically etched. X-ray topographs
were taken by MoKal radiation.



ON DISTINCTIVE CRO\l'T MARt.:S IN QUARTZ DRUSES

Fig. 2 Q·d. - RC qtulru druse (Rocca dei uistalli, Val Malenco, haly). X.ray tOpogrllpbs. D.: basal
dislocations. B: contrast due to impurity absorption. , anc:I ...: growth bands panlkl to (IOIl) and
{'161} tcSpcc1ivcly. - .) RCA crystal. Slicc 1. &: = 1010. b) RCA crystal. Slke 6. I = tOTo. cj RCB
crystal. Slicc 2. I = 1010. d) RCB crystal. Slice 6. &: = 1010. In both samples, dlC'C'tS cl impurify
absorption an be seen near the crystal~ and in the central parts, staning from S4 slices (fig. 4).

X-ray topographic obllervalioDs

This paper deals with the role of lauice
defects as growth marks in crystals from
quartz druses. Information about defects was
obtained by the authors in the course of
extensive investigation into growth histories
of the previously quOted druses. Thus in the
foUowing account, defects will only be
described briefly, lIfter which their role as
growth marks will be discussed in detail.

Figs. 1 and 2 show two series of tapa
graphs corresponding respectively ro BD and
RC druses. Although distribution, density
and type of the observed defects-inclusions,
dislocations and growth bands-often differ,
features common to the druses can be re
cognized, with the following points characte·
rizing growth in both cases:

I} absorption of impurities marks a
boundary between the first and the second
half of the growth process. Topographs of
BDIS5 and RCBS4 slices clearly show a
deterioration of crystalline quality (6gs. 3
and 4);

2) after the quoted absorption of im
purities new sets of dislocations were

nucleated. In BD druse < a+c> pyramidal
dislocations (fig. 3) were characterized
(SCANDALE et aI., 1983) and in RC druse
< a> dislocations, whose lines form an
angle of about 10° with basal plane, were
observed (fig. 4) and labelled as pseudo
basal dislocations (ScANDALE and SUSI,
1985). To date these dislocation sets have
not been characterized in as·grown crystals.

Different growth bands were also found
in both druse crxstals: they are mainly
parallel to m {101O} faces in BD and to
r {toTt} and x {5161} in RC druse (6gs.
.3 and 4). The importance of the lattet "
bands lies in their strict relation to pseudo
basal dislocations (p.b.d.); their role will
be examined later on.

Discussion

From the comparative analysis of defects
of the two druse it is possible to state that
although their growth histories were on the
whole quite similar, an interal unit may be
stressed that permits their differentiation and
characteriution to be made.
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In fact the observed defects allow twO
growth stages, separated by a precipitation
period, to be distinguished in both druses.
The first growth stage was quite perfect and
in lower slices defects are mainly found
near the crystal edges (figs. 1 and 2). Basal
dislocations with 1/3 < 1120> Burgers
vectors may be recognized.

Fig. J. - BDIS,. X.ny topogr:aph. 11 = ITOO.
D.: pyl'llmidal dislocations. D., G, J ,00 P lIS

in fill. L

The precipitation period affects both
druses almost at one half of ~ crystal
developments along the c axis. The second
growth half is characterized by a deterioration
of crystalline quality (sec:: f.e. the lOp slices
in 6gs. 1 and 2), but especially by nucleation
of dislocations not detected in the first
growth half. In BD druse, EYramidal dislo
cations 1/3 < 1123> in {lOll} planes were
characterized, whereas in RC druse 1/3
< 11'2"0> in (0001) and p.b.d. dislocations
were observed. The fuU dislocation characte
rization (1, Vb, and (1, Vb) plane) and com
plete growth·history reconstruction of the
crystals allows us to correlate defects and
growth. Due to their importance in characte
rizing and differentiating the druses, it is
worthwhile to devote some time to dislo
cations observed in the different druses.

BD druse. Pyramidal dislocations < a+
c> in {10T!}. The Burgers vector is the
salient feature of these dislocations.

In fact, although dislocations in natural
and synthetic quartz crystals have ~n exten·
sivdy studied by various authors. their occur·
rence in as·grown crystals has only been
suggested with no conclusive characterization

(LANG and MIUSCOV, 1969; Mc LAREN et
al., 1971). In addition they were nOI obser
ved in RC druse, and have only becn
characlcrized to date in experimentally
deformed quartz crystals (TREPIED and
DoUKlIAN, 1982). On the other hand, by
comparing the dastic energetic preference
of one < 0 + c > dislocation over two
separated dislocations of Burgers vector
<0> and <c>, it may be concluded that
< 0 + C > dislocations can decompose
spontaneously (KIRBY, 1975), although .6£
is moderate.

This being the case, their nucleation and
stability can be justified only by assuming
local changes of energy factor K depending
on variations in elastic constants due to the
sudden impurity absorption. Thus, pyramidal
dislocations must be considered as distinctive
growth marks.

RC druse - <a> p.d.b.
~ line orientation is the salient feature

of t~ dislocations.
In fact, the numerous theoretical and

experimental studies published on disloca
tions in quartz crystals indicate that the
commonest (I, Vb) planes for <0> dislo
cations are (0001) and {lOTO} (see f. i.,
ARDELL et al., 1974). On the other hand.
in agreement with the theoretical predictions
observations confirm preferred orientations
(TREPIED, 1978). As they are planes aDd
directions, the line orienralions of p.b.d. can
only be explained by taking into account
the growth bands parallel to x {5161 } planes
(fig. 4).

Fig. 4. - RCB$4. X-ray lopograph. I = 1010.
D...: pseudobasal dislocations. B, D.., r .nd It Il$

in fiR. 2.

In fact, since it was experimentally de
termined that dislocation lines I form a 10°
angle with (0001) plane and (5161)"'(0001)
was calculated to be 81.95°. , is nearly per·
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pendicular (92°) to ('161). In addition, as
growth bands x correspond to w~U-deve1oped

faces observed in the actual habit of RC
crystals, p.b.d. were forced [0 be nearly
perpendicular to the grawning faces in order
to minimize their dank energy (KUPPER,
1972).

The strong relation between p.b.d. and
growth conditions (impurity-absorption sta·
gel is clearly supported by the observation
that, in quartz morphology, x {5161} is the
next imyortant form after three malar ones:
m {IOIO}" {IOII), .nd, {Oll!).

However, the importance of this form is
anomalous in terms of any growth theory
(DoWTY, 1976)i its prominence can be at
tributed to the retardation of growth due
to absorption of foreign ions or molecules
(HARTMAN, 1959). Indeed, since synthetic
crystals show high concentrations of foreign
ions in {5161} sectors (CoHEN, 1963). the
anomalous li:l(: ori(:ntations of p.b.d. may be
<\ttributoo to impurity absorption in th(:
second half of the druS(: growth. Thus, th(:y
are linked to growth history and must be
tltkcn HS dislinctivc growth marks.

Condu&ions

De£«ts and particularly dislocations obS(:r
voo in studioo crystals must be seen as
distinctive growth marks that distinguish
and charact(:rize the two druses.

In fact, as th(:y hav(: bttn shown to be
cJoS(:ly linkoo to growth conditions, the
anomalies of the observoo dislocations can
only be explained by considering the entire
growth history of the crystals. In the BD
druse growth<ondition changes caused the
nucleation of dislocations whoS(: Vb is
anomalous, while in the RC druse. disloca
tions occurroo with anomalous line orien
tation I. Furthermore RC druse is characteri
zed by the prominence of the x {5161}
form in the SttOnd half of the growth.
Taken as a whole. these observations in
dicHe that impurity absorption is respon
sible for the nucleation of growth marks.

In this context. it would be interesting
to analyse the foreign ions in th(: two druses
in an attempt to determine th(: cause of
these obs(:rved differences.

REFERENCES

AIlO£LL A.J., CHalSTIE j.M., Mc Counc j.W.
(1974) . Disfoc.lions im",tS in qlUlrl: "",1 Ibt
dtltrmilUllion 01 8"r,"s IJtCIOU. Phi!. MAl.,
29, 1399·1410.

AUTluU A., SAUVACE M. (1966) - DiJIOC"lionJ
dt m"dt dans la (akilt; inltr'"tnctJ tnlrt itJ
champJ d'ondtJ crUs Q la l1alJtrJet d'unt I"mt//t
dt madt. ]. de: Physique. Colloq. 0, Suppl. n.
7-8, 27, 137-1'0.

CoUEN A.]. (1960) . SubslitultOnal and inUrJ/ilial
aluminum impurily in quart:, s/ru(lurt and (%r
etntu inUrrtlalionsbipJ. j. Phys. Chem. Solids,
13, 321-JU.

ColNY F., B... lONNET A., ]OUlDAN C. (1976) _
X·ray lopo,rllpby sludits of IIs-,rown dtftclJ in
nlllural MUJcoviu. j. Cry$t. Growth., 34, J04.JU.

00WTY E. (1976) - CryJlaI Slrudurt IInd CrySlal
Growth: I. Tbt inlutnct 01 1nl""'" Slructurt
Oil Morphology. Am. J\-linttal., 61, 448-4.S9.

GI...COVAZZO c., Sc.vmAu E., ZAuA A. (19n) 
Eludt dts Chl"ulr d""J dts Mon«riJltlux N,,
tllrtls dt Topn.t. 11. Elud~ dt G~nlst. J. Appl.
Czyst., 8, .n}-324.

GUZIANl G., ScANDALE E., Z.UKJr. A. (1981) .
Growlh 11 Btryl S;ntJt Crystal - HiJtory 01 Ibt
Dtvtfopmtnt snd Gt"t/;c Mtd;um. }. Appl.
Cryst., 14. 241·246.

H.uTMAN P. (I9.S9) . Tbt tltcl of "bsorption on
tbt IKt dtutfopmtnl 01 tbt tquilibrium form.
Acta Cryst., 12, 429-439.

ISOGAMI M., SUN..u;........ I. (19n) - X-rlt1 Topo.
,raphic Sludy 01 a TO[Un. Crysllli. Am. Mineral.,
60, 889-897.

KJUY SR. (19n) - El/IIS/ic SlrtSStJ "nd Stfl
Entrgi~J of DiJ/OC"lions of Arbitrary Oritntation
in AniJOlrOpic Mtdis: Olill;nt, Orlbopyroxtnt,
Ca/cilt, and Quart:. ]. Geophys. Res., 80, 188'·
18%.

KUPPl!.l H. (1972) - EIsJlich~ tntr,it und vor
zUf,schlungtn g"lIdling,~ vtrsttzunf,tn in aus d~r
NOloJung t.twschstnttn organiscbtn }uisJalltn.
Phys. StlM Solidi A, 14, 99-106.

1.ANG A.R. (19'9) . Tbt proitclion lopo,raph: a
n~w m~/bod in X·ray di8rlJC1;Oll microradiograplry.
Acta Cry$t., 12, 249-250.

lJ.NG A.R. (1%3) - DiJUx.t;onJ i" diamond IInd
ong;" ollr;,onJ. Proc. Ray. Soc. A, 278, 234-242.

lJ.NG A.R. (1967) - SO",t r«tnt flpplicfllio"s 01
X-r1t1 10PDt,rapby. Adv. X-IlIY Anal., 10, 91-107.

l.ANG A.R. (1973) . Tbt Proptrli~J find Obsuwlion
01 DislOCtllions. In: P. H....TM...N (cd.), Crystll
growth. North HoUand Publ. Co., pp. 444-'12.

UNG A.R., MlUscov VF. (1969) . DtftclJ in
natural and Jynlhttic quartl. In: SUEfT... L' NN.



228 E. SCANDALE, F. STASI

(cd.), Growth of Crystals, vcl. 7, Consuhants
Bureau, New York-London, pp. 112·123.

Mc UREN A.C., OSBORNE C.F., SAUNDEIlS L.A.
(1971). X.ray Topographic Study 0/ Dislocations
in Synthetic Quartz;. Phys. Slat. Sol. (al, 4,
23'·247.

Sc.ANDALE E., ScoIDAIS F., ZAlU A. (1979.1.) 
Etude ats Dtlauts dlJ"s dts },fon«ristlJu" N,·
turns at Biryl. I. O~tions des Dislocations.
l Appl. Crysl., 12, 70-n.

ScANDALE E., $coIDAII F., ZARKA A. (1979 b) .
Etudt dts D~/aulJ dans dts MonotTistau" Na·
turtls de Beryl. /I. Etudt dt Croissanct. ]. Appl.
Crysl., 12, 78·83.

ScANDALE E., ZAlKA A. (1982) • Sur I'Origint dts
C4naux aans Its Cristau". j. Appl. Crysl., 1',
417--422.

SCA.·..DALE E., STASI F., ZAlKA A. (I983) • Growtb

Dtltcls in a QUllrtz; Drust. a+ c Dislocations.
]. Appl. Crysl., 16, 399-403.

ScANDALP. E., LUCCIlESI 5., GI!AZIANI G. (1984) •
Optical Anomalits 01 Btryl Crystals. Phys. Chem.
Minerals, H, 60-66.

ScANDALE E., STASI F. (19S') • Growth Dtltcts
in , QUiUtz. Drusts. , Pstudo-Band Disloclltlons.
J. Appl. Uysl., IS, 27}.278.

TANNU B.K. (1972) - X·Ra, IInd Optklll Ohs"·
vations 01 Natural Fluoritt. %15. 5111. Sol. (I),
14, K9·KI0.

TlEPIED L. (1978) . Entrgit tlastiquf: dts dislo
cations du quartt. l de Physique·Letters, 39,
I.AH·L436.

TR.EPIED L., DoUICHAN le. (1982) . ElIidtnct of
a + c dislocations in synthttic quartz; sinVt
crystals comprtsstd alont tM c /lXiI. Bull. Mi·
neral., 10', l760180.




