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Introduction

Since the pioneering mineralogical and crystallographic stud-
ies of the 1960s and 1970s it has been regarded as a fundamental 
tenant of earth sciences that the growth of minerals, and especially 
of magmatic mineral phases, depends upon the physico-chemical 
state of the growth environment. Meanwhile, based on extensive 

empirical and experimental approaches, 
some factors controlling crystal growth 
and, as a consequence of that, crystal shape 
or morphology can be detected and docu-
mented (1,2). Therefore, the chemistry and 
temperature of the growth environment, 
as well as its content of volatile phases, have 
been found to be key to understanding the 
crystallization processes.

Concerning the crystallization of 
mineral phases out of a magmatic source, 
accessory zircon has attracted a great deal 
of geoscientific attention in the past de-
cades(3) due to several reasons. First, zircon 
is characterized by a somewhat ubiquitous 
occurrence, i.e. it can be separated from 
magmatic, metamorphic, and sedimentary 
rocks. In very exceptional cases, the ac-
cessory mineral can also be detected as a 
component of extraterrestrial rocks. Sec-
ond, zircon exhibits a strong resistance to 
any processes in the earth’s crust, thereby 
often being involved in several cycles of 

rock-forming processes(4). A third reason underlining the scien-
tific exclusiveness of zircon is its development of well recordable 
and easily distinguishable crystal shapes which, in most cases, are 
composed of two prisms and two pyramids (biprasmatic bipyra-
midal morphology).

A systematic empirical description of the various zircon 
shapes occurring in igneous rocks was carried out in the 1970s 
and 1980s, leading to the introduction of the so-called typol-
ogy diagram(5). This represents a graphical scheme containing 
all zircon morphologies described hitherto as a combination 
of the prism forms {100}, {110} and the pyramidal forms {101}, 
{211}/{311}. As deduced by an extensive statistical evaluation of 
different zircon populations, the predominance of certain forms 
mainly depends upon the chemical and thermal characteristics of 
the magmatic source, i.e. Al-rich magmas with lower temperature 
usually develop different crystal shapes than alkaline magmas with 
higher temperatures of formation. Hence, zircon was evaluated as a 
petrogenetic indicator bearing basic information of its source rock 
and even as a geothermometer having recorded the temperature 
during crystallization(6).

From the 1960s to the 1980s, zircon morphology was mainly 
studied using various techniques of light microscopy. From the 
1990s on, electron microscopic methods began to become widely 
utilized(7,8). These innovative and partly even revolutionary me-
thodical approaches provided a direct insight into zircon crystal 
development, leading to a new understanding of the essential re-
lationship between zircon growth and environmental chemistry(9). 
Nowadays, electron microscopic analyses, including backscattered 
electron imaging and cathodoluminescence, have to be regarded as 
basic procedures to obtain advanced information concerning the 
important role of accessory zircon as a petrogenetic indicator.  
Electron microprobe analysis

The electron microprobe represents a highly efficient tool 

Fig. 1: Preparation of zircon crystals for growth analysis with the 
electron microprobe. Selected grains are cut either perpendicular or parallel 
to their crystallographic main axis.

Fig. 2: A) Technical setup necessary for backscattered electron imaging of zircon crystal sections. B) 
Image of a zircon crystal with its typical pattern of dark and bright growth zones (bar: 50 µm).
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for the detailed 
investigation of 
magmatic crys-
tal growth. While 
growth-band anal-
ysis is amenable 
to backscattered 
electron imag-
ing, any chemical 
factors affecting 
crystal develop-
ment may be de-
tected by applica-
tion of WDS ele-
ment analysis. The 
growth analysis 
procedure is pre-
ceded by a specific 
specimen prepara-
tion protocol for 
the zircon single 
crystals. Depend-
ing upon whether 
prism growth or 
pyramidal growth 
is studied, a cross 
or longitudinal 
section of a se-
lected crystal is 
produced accord-
ing to a well-de-
fined preparation 
technique(9). The 
surface of the sec-

tion has to be polished perfectly to guarantee ideal analyses with 
the microprobe (Fig. 1).

Backscattered electron imaging, the technical setup of which 
is schematically illustrated in Fig. 2, is based on the principle that 
the number of electrons reflected from a sample correlates with 
the atomic mass number of elements in the sample. Hence, bright 
zones on the monitor indicate higher concentrations of elements 
with enhanced atomic mass and vice versa. For an optimum vi-
sualization of zircon crystals sectioned perpendicular or parallel 
to their crystallographic main axes, an accelerating voltage of 15 
to 20 kV, a beam current of 30 to 40 nA and a beam diameter of 
about 1 µm were selected. Measurement of growth bands took 
place on photographs with a predefined magnification.

For a determination of possible influences of crystal chemistry 
on the morphological development of accessory zircon, chemical 
profiles using the wave-length-dispersive system (WDS) were 
measured. Orientation of these profiles depended upon the sec-
tion type, the intensity of growth zoning, and the possible content 
of an inherited core, i.e. a pre-magmatic crystal fragment serving 
as a nucleus for crystallization. X-ray spectra were collected and 
analyzed for the chemical elements of interest (Zr, Si, U, Th, Hf, 
Y, Yb, Sc, P) using LIF, TAP and PET crystals, and appropriate 

Fig. 3: Sketch illustrating the growth band 
measurement of the prism forms {100} and {110} 
(A) as well as the pyramidal forms {101} and 
{211} (B). Numbers denote single growth zones, 
whereas red arrows mark total growth (TG) of the 
respective forms. Total growth may be obtained 
by adding individual growth bands of a specific 
crystal form.
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element quantification enabled by the use of oxide standards of 
those elements named above. For the measurement procedure, 
an accelerating voltage of 15 kV as well as a beam current of 30 
nA were selected.
Growth-band measurement with backscattered electron 
imaging

Only in rare cases growth of zircon is defined by ideal geo-
metric growth zones, allowing an exact determination of the 
proportions of adjacent crystal faces at any stage of crystallization. 
Usually, zircon being separated from igneous rocks is characterized 
by very irregular growth bands, whose development is additionally 
affected by phenomena such as crystal corrosion and recrystalliza-
tion. If an inherited core is included, crystal growth can be often 
subdivided into two clearly distinguishable phases, an older cen-
tral phase and a younger outer phase (see example in Fig. 2). The 
non-ideal development of crystal morphology, however, makes a 
successful analysis of growth bands more difficult and therefore 
requires considerable crystallographic experience.

Concerning pyramidal growth of accessory zircon, longitu-
dinal crystal sections like those exhibited in Fig. 4 were subject to 
an extensive growth band measurement protocol, whereby total 
growth (i.e. the sum of the growth zones) of the steep pyramid 

{211} and the flat pyramid {101} were compared and processed 
graphically (Figs. 3, 6).

Since only main results understandable for the non-specialist 
should be presented here, three primary types of pyramidal growth 
can be distinguished in this study: 1) growth characterized by a 
final predominance of the steep pyramid over the flat pyramid, 
2) growth resulting in an outer morphology with nearly equally 
sized pyramidal forms, and 3) growth, which only allows the, let’s 
say, static development of the flat pyramid. As underlined by Fig. 
6, the first growth type preferentially occurs in Al-rich rocks, the 
second one in calcalkaline rocks, and the third one in high-K 
alkaline rocks(3,9).

 Regarding the morphological development of zircon prisms, 
cross sections of single crystals like those illustrated in Fig. 5 were 
studied in detail. Usually, measurement of prism growth may be 
evaluated as rather simple with respect to pyramidal growth analy-
sis due to a better and sharper appearance of single growth zones. 
In this specific case, total growth of the two prism forms {100} 
and {110} were compared and, again, plotted into the respective 
diagram of Fig. 6. Similar to pyramidal growth analysis, three types 
of prism development may be summarized in the study presented 
here: 1) growth resulting in an extern predominance of the prism 
{110}, 2) growth causing an extern zircon morphology with nearly 
equally sized prism forms, and 3) growth tending to the formation 
of crystals with a highly dominant prism {100}.

For prism growth the same chemical categorization may be 
applied to granitic rocks as for pyramidal growth (Fig. 4). Hence, 
the first growth type may be assigned to Al-rich granites, often 
occurring as so-called leucogranites due to their high content of 
bright mineral phases (feldspar, muscovite). The second growth 
type is normally related to calcalkaline granites and the third one 

Fig. 5: Cross sections of zircon crystals extracted from Al-rich granites 
(A-C), calcalkaline granites (D-F), and high-K alkaline granites (G-I). 
Open circles mark the prism {110}, filled circles the prism {100} (Bars: 
20 µm).
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Fig. 4: Longitudinal sections of zircon crystals extracted from Al-rich 
granites (A-C), calcalkaline granites (D-F), and alkaline granites (G-I). 
Open circles mark the steep pyramid {211}, filled circles the flat pyramid 
{101} (Bars: 50 µm).
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Fig. 7: Chemical profiles of the three elements Hf, Y, and U on selected 
cross sections of zircon crystals separated from a Al-rich granite (A) 
and a high-K alkaline granite (B). Profile length corresponds to 20 µm, 
respectively. 

may be found in 
high-K alkaline 
granites(3,9).

Summing up, 
it can be concluded 
that magma chem-
istry represents a 
highly essential 
env i ronment a l 
factor influenc-
ing zircon growth 
significantly. By 
using appropriate 
electron-micro-
scopic techniques, 
the value of zircon 
as a petrogenetic 
indicator becomes 
clearly noticeable.
Measurement of 
chemical pro-
files with WDS 
analysis

Measurement 
of chemical pro-
files were limited 
so far to cross sec-
tions of pre-select-
ed zircon crystals 
from both Al-rich 
granites and alka-
line granites (Fig. 
7). Since the study 
presented here 
should only give 
a coarse overview 

of the electron-microscopic zircon research, profiles of the three 
important elements Hf, Y, and U are presented. Zircon from the 
Al-rich granite is often characterized by a ‘switch’ of the prism 
forms, i.e. crystallization starts with the prism form {100}, and at 
a middle stage of crystal growth, predominance of the prism form 
{110} becomes successively increased. From a crystal-chemical 
point of view, this remarkable change in prism growth is caused 
by heavy elements, especially U and Hf, blocking the growth of 
one prism form but having no influence on the growth of the 
competing prism form. In the present case, this blocking effect 
becomes visible in the outer bright zone of grain A in Fig. 7, where 
concentrations of U and Hf are increased (see profile), leading to 
a growth blockage of the form {110} but an undisturbed growth of 
the form {100}(3,9). This results in the extern crystal morphology 
almost described in Fig. 5.

A more undifferentiated picture is given for the zircon crystals 
from alkaline granite, where the ‘switch’ of prism forms during 
growth is not available. Prism growth, however, is marked by a 
continuous enlargement of the form {100}, whereby bright and 
dark growth bands are arranged according to a regular pattern. Re-
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Fig. 6: Results obtained from growth band 
analysis of the prism forms {100} and {110} (A) 
as well as the pyramidal forms {101} and {211} 
(B). Total growth means the sum of growth bands 
from the beginning to the end of crystallization. 
Symbols: circles…Al-rich granite, diamonds…
calcalkaline granite, triangles…alkaline granite.

garding the chemical element profiles, Y behaves rather sensitively 
along the growth zone pattern in the way that element concentra-
tion in bright zones is significantly increased and vice versa. The 
elements Hf and U do not follow any similar trend. Summing up, 
‘static’ prism growth does not exhibit any specificities concerning 
element insertion into the crystal lattice.
Conclusions

As demonstrated by several examples, electron microprobe 
analysis of accessory zircon may be regarded as an essential tool for 
answering important questions in earth sciences that are not solved 
appropriately before now. While backscattered electron imaging 
provides a reliable method for studying the growth development 
of single zircon crystals, chemical analysis using the WDS enables 
the deciphering of further possible correlations between magma 
chemistry and the way of crystallization in the near future.   n
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