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SUMMARY 

Photographs have been made of a specimen of Operculina 
with an X-ray projection. microscope, a light microscope and 
by means of microradiography. Comparison of the pictures 
obtained shows that, if original unsectioned specimens are 
examined, the two X-ray methods are superior to the light-
microscope techniql!e as regards both depth of focus and pene-
tration power. These methods are moreover non-destructive 
and time saving. 

Results obtained also s how that for the rapid and routine 
investigation of microfossils or for deta,iled study, the micro-
radiography and X-ray microscopy methods are , respectively, 
equal or superior to the light-microscope technique. 

INTRODUCTION 

The use of microradiography and X-ray micro-
scopy in geology is not new. The first published 
pictures of fossils taken by means of X-rays ap-
peared several decades ago, while X-ray photo-
graphy of sedimentary rock samples has been widely 
applied since 1962. A direct comparison between 
microradiography, X-ray microscopy and light-

;croscopy based on photographs obtained from 
e and the same geological specimen has never 

been published, however. Such a comparison, using 
a specimen of Operculina, has now been made and 
shows "in a nutshell" both the advantages and the 
drawbacks of the various methods. This, together 
with a brief discussion of the principles of micro-
radiography and X-ray microscopy, is the subject 
of the present paper. 

MICRORADIOGRAPHY 

Method 

In microradiography a specimen mounted on a 
photographic film or plate is irradiated (fig. 1). Dif-
ferences in the structure or texture and in the 
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chemical composition of the specimen cause dif-
ferences in the absorption of the X-radiation, 
resulting in a shadow picture of the specimen. 

In principle, a variety of X- ray instruments, 
ranging from medical instruments to industrial 
diffraction units equipped with various tubes and 
anode materials, can be used. At KSEPL the use 
of a portable MACROT ANK B was found to be 
most useful for the photography of cores and sedi-
ment slabs, while for the photography of Fora-
minifera and other (micro-) fossils , a unit for X-
ray diffraction was found to give the most satis-
factory results. 

The 100 kV / 4 mA MACROT ANK B consists of 
an X-ray tank, a control panel and cables for 
the mains connection and for the connection of 
tank and panel. The oil- filled tank contains the 
X-ray tube, which has a focal spot of 1.0 x 1.0 mm 
and the H. T. transformer. The panel contains 
selectors for setting kV and mA, kV- and mA-
meters , a:i.d a timer for automatic control of ex-
posure time. The relatively l arge focal spot and 
the divergent X-ray beam result in a lower reso-
lution than is obtained in X-ray microscopy. The 

Photograph ic plote 
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Fig. 1 - Principle of microradiography 
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Fig. 2 - Sandstone from the Spinti formation (Oligocene), Seri via 
area, Northern Apennines, Italy. 

A. Normal photograph of the rock s lab (natural scale) 
showing saw marks only. No sedimentary struc-
tures vis ible . 

B. X-ray photograph of the same rock slab, showing 
cross bedding overlain by horizontal lamination. 

instrumentation, however, is much simpler and 
cheaper. In contrast with X-ray microscopy, micro-
radiography permits large objects with a diameter 
of several decimetres or, simultaneously, a great 
number of small obj ects, to be photographed if the 
distance from the source to the object is kept at 
100 to 120 cm. 

Results 

Sedimentary rocks 
Good results are obtained if the sedimentary rock 

samples are cut perpendicular to the observed or 
expected bedding plane into flat slabs 2 to 10 mm 
thi ck. With operating conditions of 40 kV and 4 mA 

an exposure time of 2 to 6 minutes is usually suffi-
cient to obtain pictures of optimum quality (fig. 2). 
Because many papers on this subject have been 
published in recent years (Hamb 1 in, 1962; Ca 1-
v er t and Veevers, 1962; Stanley and Blan-
chard, 1967) there is no need for a lengthy dis-
cussion of applications in this paper. 

Microfossils 
We have replaced the beam-exit tube of a Debye-

Scherrer 114. 83 mm powder camera by a flat 
rectangular device on which a piece of Kodak 
Maximum Resolution plate can be mounted easily. 
Specimens to be photographed, say a number of 
Foraminifera, are glued to the paper-wrapped pho-
tographic plate. The camera is used without col-
linators . After 5 or 6 minutes exposure to cop] 
radiation at 36 kV and 20 mA the plate is dev 
aped in Agfa Graphic Arts Developer (Varitol 
Normal) in accordance with the manufacturer's 
instructions. The ultrafine-grain emulsion permits 
enlargements to be made of more than 300 times. 

This radiographic t echnique is most suitable for 
the routine investigation of many small specimens. 
Depending on their size, up to 100 microfossil 

Fig . 3 - Several s pecime ns of Cyr/oclype11s photographed by 
means of microracliography. Magnifi cation 25 x. 



specimens can be photographed at the same time. 
Figure 3 is a picture taken of six different speci-
mens of Cycloclypeus and figure 5a shows a micro-
radiograph of a specimen o(Operculina. In both pic-
tur·es the outline of the initial chambers is clearly 
visible, but details of the microstructure are not 
resolved. The Operculina specimen has also been 
examined with the X-ray microscope and by means 
of the light microscope (using one half of the speci-
men, which was split into two equal parts for this 
purpose). The outcome of this comparison will be 
discussed below. 

X- RAY MICROSCOPY 

.. et hod 

In the X-ray projection microscope an extremely 
fine point- shaped X-ray source is obtained by 
focusing electrons onto a thin metal film (thick-
ness 1- 2 micron). The X-ray source irradiates a 
specimen which is mounted very close to it. An 
enlarged shadow image of the specimen is obtained 
on a fluore scent s cree n or a photographic film or 

X- rays 

Objective 

Electron source 

F ig. 4 - Principle of the X- ray projection microscope. 

437 
plate, located further away from the source. A 
diagram of the path of the r ays is given in figure 
4. All parts featured in it, viz . electronsource , 
two electro-magnetic lenses, target holder, spe-
cimen holder and camera or fluor escent screen 
are mounted in a microscope tube which is evac-
uated during operation. 

The difference between the micror.a-dmgraphic 
method and the X-ray microscopic methoa has some 
important consequences for the II'esolution and the 
maximum enlargement of the image ( Jo n g e b 1 o e d 
and Jutt e , 1965) . In X-ray microscopy, the point-
shaped X-ray source results in a resolution of about 
0.25 micron (Ong Sing Poen, 1961), a scale 
not approached by microradiography. When an X-
ray microscope is used, the initial magnification 
of the specimen on the film ranges from 10 to 110 
times, while in microradiography no initial magni-
fication is obtained. An additional advantage of the 
X-ray microscope is the ease with which stereo-
scopic images can be made. 

Both methods are superior to light microscopy 
in tha t they achieve a great depth of focus, a high 
penetration power and usually a high contrast 
in the s hadow image . All thes e points, the im-
portance of which has already been demons trated in 
botanical work, paper research and in biomedical 
s tudies ( Jo n geb l oed, 1965; Salmo n, 1956), are 
equally advantageous in the s tudy of m icr ofoss ils. 

Res ult s 

Various X-ray techniques have been employed for 
the study of microfoss ils (Hed l ey, 1957 ; Hooper , 
1960 ), but a comparison based on the results ob-
tained with one and the same specimen has not been 
made until now. Figure 5 shows four photographs 
taken by 
a. the microradiography method 
b. the X- ray microscope 
c. the light microscope (using one half of the split 

specimen) and 
d. the X- ray microscope (also us ing one half of 

the spli t specimen), 

the subject being a specimen of 0/1errnlina. 
The pictures obtained with the X- ray microscope 

s how much more detail, especially in the pores and 
the rim of the outer chambers, than the microradio-
graphic picture, in which only the s hell construction 
is clear. In figure 5c the picture s hown was obtained 
with a common micr oscope; the specimen is em-
bedded in Lakeside cement. The initial chambers 
ar e vis ible , but the lack of depth of focus is obvious . 

.A drawback of the li ght micr oscope technique is 
that the splitting or sectioning of microfoss ils is 
often a tedious and time - cons uming work . In figure 
5d a pic ture is s hown of the same half of the Oper-
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a 
b 

c d 

Fig. 5 - Opaculina , photogr aphed four times by di ffer e nt techniques. Magnification 100 x. 
a ) Mi cr oradiogr aphy . Inne r s hell constructi on well r evealed. De tai ls not r esolved. 
b) X- ray mic r oscopy. Details of the she ll constr uction ar e we ll r esolved. 
c ) Light mi cr oscopy. One half of the s plit specime n, in reflected light. T he initi a l chambe r s are clearly vi s ible , but the 

ins uffi cient depth of focus g ives ri se to cons ider able lack of shar pness in the image of the other par ts of the spec imen. 
d ) X-ray mi c r oscopy. Same section as that used for 5c. The ceme nt used fo r 5c has been disso lved in alcohol. Chamber s 

a nd pores ar e we ll r esolved. 
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a 

Fig. 6 - a ) Stereoscopic image of a part of Operculina, taken by means of the X- ray microscope. The arrangement of chambers can 
be s tudi ed. For the study of pore size and number of pores, a detail enlargement as s hown in the lower figure b) is more 
suitable. 
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0 

Fig. 7 - a) Stereoscopic image of Holiuina taken with the X-ray mi croscope, showing the spatial arrangement of chambers. Magnifi-
cation 120 x. 

b) Enlarged detail of Boliuina for investigation of pores. Magnification about 600 x. 



culina specimen as that used for picture 5c, the 
cement now having been removed to increase the 
contrast, however. Again, the chambers and pores 
ar:i clearly revealed. 

The stereoscopic image of the specimen, or part 
of it, reveals more information on the spatial struc-
ture than the picture in figure 5. Figure 6 is an en-
largement of a detail of the body of an Operculina 
specimen. Pore concentration and pore diameter 
can be examined. Similar results have been obtained 
with a specimen of Bolivinq, the stereoscopic image 
of which is given in figure 7a. An enlarged detail, 
showing the distribution of pores, is given in figure 
7b. The various shapes of the pore images (circles 
at the centre, changing to ellipses and lines at 
the periphery) s how that a projection method has 

ien applied. 

CONCLUSIONS 

Because of the great depth of focus of the pic-
ture and the high penetration power of the X- rays, 
the two X-ray methods give better results than 
the light microscope if thicker specimens have 
to be examined. Usually neither splitting nor sec-
tioning of the specimens is necessary. Both X-ray 
methods are therefore generally non-destructive 
and time saving. 
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For rapid and routine examination of microfos-
sils the microradiography method is to be preferred. 
The X-ray microscope method is preferable when 
structural details such as pore diameters, pore 
concentration, shape and implantation of spines, 
thickness of the rim, have to be investigated. 
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