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Chapter 2               Petrological microscopes and photomicroscopy 
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Introduction Thin sections of rocks are frequently made when a secondary examination of a rock or 
mineral is required. Although the skill of the professional thin section technician is high, the basic 
process is quite simple and rock thin sections can be made at home. Softer rocks can be ground down 
by hand on a glass plate but the hardness of agate makes this process nonviable. A standard section is 
produced when the rock is ground down to 0.03 mm (30 µm); at this thickness most rock-forming 
minerals become transparent.  Essentials are a diamond saw, lap and a microscope. Ideally this should 
be a petrological microscope but these are expensive and, for home use, a simple biological 
microscope can easily be adapted. A new world will be revealed when the converted microscope 
introduces the viewer to polarisation colours and the microstructure of agate. My own home choice for 
the biological microscope conversion is a second hand Beck microscope (probably made in the 
1960’s). I also use a cheap Chinese microscope (<£100) for examining thin sections during the messy 
preparatory and grinding work. For preliminary examination at home, I have an older Russian Zenith 
petrological microscope. In addition when quality images are required, I am fortunate in having access 
to a Zeiss Axioplan petrological microscope. 
 
Photo microscopy with film was both an art and a science. The initial learning experience was lengthy 
and expensive in roll film. However with the advent of digital SLR cameras, micrographs can be 
quickly taken, checked and then retained or rejected  
 

 
 
Figs.2.1. a) Chinese microscope with home-made polaroid attachments: polaroid used beneath the sub stage and 
roll film container that drops over the eyepiece. b) a Zeiss Axioplan petrological microscope. c),d), and e) show 
the most commonly used slides: 75 x 25 mm, 50 x 50mm and 75 x 50 mm. The slides are in various stages of 
preparation.  
 
Rock thin sections Details for the preparation of thin sections have been given in a previous work 
(Moxon, 1996). The basics can be simply described as grinding a flat face on a rock and finishing with 
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fine silicon carbide grit (600). The flat face is glued to a microscope slide and the rock is cut to leave 
approximately 1 to 2 mm on the slide. The slab is then ground down to 30 µm. Even the most bland 
agate can often reveal a very complex microstructure that is worthy of further examination. Since 
1996, my technique has had a few minor changes. Prior to fixing the agate, I now put a frosted finish 
on the microscope slide using 600 silicon carbide grit and use  “2 Ton Epoxy resin”; this is  a better 
adhesive for this work. Most of my work uses a low powered objective lens (3 x or 9 x) in order to 
examine the agate microstructure; unless I intend using a high magnification, then I do not bother with 
a cover slip. The finished slide is polished with 3 µm diamond paste and is often used elsewhere.   
 
Microscope adjustment 

a) Even cheap microscopes will have three objectives and the lowest magnification should be 
selected. If there is a choice of eyepiece, then again select the lowest magnification for first 
viewing. 

b) Adjust the substage condenser so that it is level with the microscope stage. 
c) Place the lamp (you are probably using a bench lamp) about 20 cm away with the bulb 

directed at the plane side of the mirror. 
d) View a selected slide down the microscope and open the sub-stage iris to the maximum. Make 

adjustments so that the mirror directs the lamp onto the slide and the image is in focus. 
e) Focus the sub-stage condenser by holding a pencil against the lamp and racking the condenser 

until the sharpest image of the pencil is observed. 
f) Low magnification might not allow full illumination of the slide. If this is the case and there is 

an upper lens on the sub-stage condenser, then if possible, remove the upper condenser lens 
and re-focus the condenser. 

 
The steps described above will allow reasonable slide illumination for basic photomicroscopy. 
However, if quality higher magnification images are required, then the microscope must be adjusted to 
produce Köhler illumination (use Google for details). This setting allows even lighting that is 
independent of the source. 
 
A petrological microscope has a number of extra features that distinguishes it from a biological 
microscope: in particular the ability to examine transparent rocks in polarised light. Polaroid is 
available from photographic suppliers and can be used to convert a biological microscope. Two small 
pieces of polaroid are required with one piece cut and placed in the filter carrier or held by Blue-Tack 
below the substage; this behaves as the polarizer. Any rock section that is now examined is being 
viewed in plane polarised light. The appearance of most minerals including agate will be little 
different whether being examined in plane polarised light or ordinary light. A second piece of polaroid 
(the analyzer) should be fitted to an old 35 mm film case (or similar sized tube) that has been centrally 
drilled with a 15 mm hole (Fig. 2.1 a). The film case is placed over the eyepiece and twisted until 
darkness is produced: the polars are now said to be in the crossed or extinction position. Effectively, 
when the polars are crossed every agate will show features that cannot be observed in the hand 
specimen or in ordinary light.  
 
Photomicroscopy1.Using a camera with the lens held at the eye point 
The simplest technique uses a digital camera held over the eyepiece at the eye point. The microscope 
needs to be adjusted and focused. The eye point can be found by using a piece of thin paper held 
above the eyepiece. An illuminated circle will be observed and this will decrease and increase again as 
the paper is brought away from the eyepiece. The position where the circle is brightest and smallest is 
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the eye point. The height varies with the microscope but is usually between 8 and 20 mm above the 
eyepiece.  The camera should be set at infinity with the largest aperture setting.  The camera itself is 
best held in a stand (Fig.2.2) and, if available, the use of a remote control is recommended. For rough-
and-ready micrographs, the camera can be hand held and steadied with the elbows close to the body. 
Avoid using a digital zoom camera as they can only produce very basic images. 
 

     
 
Fig. 2.2 Shows a simple technique for photomicroscopy with the lens set at the eye point.  1) 12 v transformer; 2) 
microscope lamp;  3) a vertical microscope adaptor;  4) camera extension tubes. 
 
The near universal demise of film cameras means that old film darkroom equipment can be bought 
cheaply and the arrangement shown in Fig. 2.2 can be improved with the adaptation of an old enlarger 
stand.  
 
2) Background lighting for a microscope slide. This arrangement allows a full microscope slide to be 
photographed using the lighting from a fluorescent tube in a standard photographic light box (1 in Fig. 
2.3). The camera with extension tubes are supported by an enlarger stand (3). In this case, a large disc 
of Polaroid (2) is shown on the light box. A disc that is the same size as the Polaroid is cut out off 
some opaque plastic sheet (not shown) and placed on the light box: the plastic sheet cuts out 
extraneous light. A second Polaroid filter is fitted to the camera (4). The camera Polaroid is adjusted 
until there is total darkness: the two polars are now in the extinction position. Place the microscope 
slide on the Polaroid lying on the light box and adjust the camera position until the slide is in focus. A 
black cloth draped over the camera and light box ensures that only polarised light passes through the 
image. This technique is now regularly used by the author to produce an image of every slide. 
Photographs can be taken of the whole slide or a number of sections can be used to make a montage 
producing a magnified view. At some point, the digital images will need to be downloaded into a 
computer. The quality may be variable and suitable software is required to bring the micrographs up to 
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standard. Most digital SLR cameras come with basic software that allows limited editing but further 
improvements will be obtained using Photoshop Elements.  

                                        
   
Fig. 2.3 A whole slide image can be achieved with the above technique. 1) light box; 2) large spare lens polaroid; 
3) enlarger stand; 4) extension tubes containing a polaroid filter.           
         
Agate in thin section A variety of polarisation colours will have been observed during the making of a 
thin section of agate. The particular colours are due to the mineral, its thickness, birefringence 
(difference between the maximum and minimum refractive indices) and orientation of the crystal. 
References at the end of this chapter should help the interested reader who wishes to take this aspect 
further.  
 
Even a thick section of agate is able to transmit light. After grinding, viewing under the microscope 
shows more of the internal texture. Initially, there is a wish to see what the grinding has produced but 
it is better to leave any microscope examination until the section has been ground down to 0.1 mm 
(100 µm). At this thickness, quartz will show deep blue polarisation colours and further grinding 
reveals red at ~ 60 µm. A standard thin section for a sample on a 75 x 25 mm slide is reached when 
quartz shows black and white. If larger slides are used, then I will cease grinding when the quartz 
reaches straw yellow (~ 40 µm). The professional slide-maker will have automatic lapping machines 
that bring the section to near finishing thickness. The last stage requires continuous microscope checks 
on the slide during grinding. However, the process is messy and for home use, I use a digital 
micrometer to check round the slide; only switching to the microscope during the final hand grinding. 
The comments that follow are based on observations of several hundred thin section agate slides  
 
Agate in thin section (age of host rock) 
Brazil 64 (133 Ma) 
Brazilian agates that are found in the UK are often quite bland in colour but they are unusual in that 
many are porous and readily take a dye.  The original dyes used in the 19th century were mainly 
inorganic and a wide variety of colours can be produced. So for example, Prussian blue can be 
obtained by a prolonged soaking in iron (III) chloride for several weeks followed by a few days in 
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Fig. 2.4 a) This a good example of tasteful artificial dyeing of  agate. b) A thin section was made from a slab just 
below the dyed surface. Polars crossed, scale bar = 2 cm. 
 
potassium hexacyanoferrate (II) (ferrocyanide). Over the last few decades, the Brazilian exporters 
have used the cheaper coal-tar dyes to produce the garish pinks and bright green colours that are 
common in Craft shops.  
 
The section of Brazil 64 at ~ 7 x 10 cm is the largest thin section that I have made. The thin section 
required an unusually large microscope slide and several hours of grinding. The original aim was to 
use the agate in a prolonged study and it was necessary to fully characterise the nature of the banding. 
The dyed agate allows a good division into three equivalent sections with the middle section creating a 
further three subdivisions. All the sections were later used for an estimation of the varying water 
content in the agate. 
 
The thin section shows many of the features that are frequently observed in agate thin sections. The 
outer 2 mm edge of the agate is a different structure to the rest of the agate. This outer section is not 
porous and does not take the dye producing a colourless rim in Fig. 2.4a. Agate fibrosity always starts 
from the outer edge and grows towards the centre. The growth shown by the upper arrow takes in a 
few bands but the fibrosity is undisturbed until it reaches the centre. At the bottom left-hand side, there 
is an interesting series of new growths that produce a pan-tile effect. It is not unusual to find 
macrocrystalline quartz (mqz) at the centre of the agate and a rim of mqz has developed here. 
 
Brazil 9 (133 Ma)  
This agate demonstrates a similar growth pattern to the previous Brazilian sample but the different  
texture in the outer band shows a better contrast. 
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Fig. 2.5 a) An unusual blue colour shown in a section of Brazil 9. b) The same piece in thin section with the 
polars crossed. The drill holes were made to identify sites for a later examination using cathodoluminescence. 
Scale : bottom edge of 2.7b) = 2cm. 
 
Lake Superior 8, USA (1100 Ma) 
The host is around 1000 Ma older than the Brazilian agates. Nevertheless, the growth pattern in this 
and all other agates is similar and clearly independent of age. When considering a more in-depth 
examination of agates,  it is often necessary to see the relationship of the various growth sequences 
that exist within any particular agate. The photo/ micrographs shown in Fig. 2.6 a) and b) are from the 
same slide but using different techniques. Photograph a) took around 10 mins from shooting to 
creating the image. Here, the technique discussed in section 2 was applied (Fig. 2.3). The micrograph 
shown in Fig. 2.6 b) is a series of ~ 100 shots using a roll film camera. The film was then developed 
together and the individual negatives adapted using computer software in order to build the montage 
image.  Thankfully, those days are over as it took around a day and a half to produce the finished 
image shown in Fig.2.6 b). 
 

 
 
Fig. 2.6 Photo and micrographs of a thin section of Lake Superior 8 a) using a single photograph and b) building 
a montage of individual micrographs. (Polars crossed, scale bar = 1 cm).  
 
In this Lake Superior agate the banding is clear but the growth sequence has continued more-or-less 
unabated from outer edge to the centre where the central area is full of mqz crystals.  
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Woolshed 4, Mt Somers, New Zealand (89 Ma) 

 
 
Fig. 2.7 a) Agates from the Mt Somers area provide some unusual shapes but show a limited colour range: weak 
blue, grey and clear regions. A small pocket of mqz is to be seen at d).  b) The same agate in thin section with 
polars crossed. The drill holes and markings were for identification during cathodoluminescence. (Scale bar = 1 
cm). 
 
Mexican Laguna agates can show similar contrasting textures to those demonstrated by the Mt Somers 
agate in the photograph in Fig. 2.7 a). However, the Laguna agates show an intense colour, usually red 
or yellow due to the presence iron oxy–hydroxides. There are clearly some changes that have occurred 
in the Woolshed agate after the initial ~ 1 cm but metal ions are not apparent in this agate. One 
possible explanation for the textural change in this case could be the rejection of water by the 
developing fibrosity. At the boundary between the two textures, the concentration could be sufficiently 
high to produce this cloudy appearance and textural change. The growth in fibrosity appears to be 
regular around the agate and the fibrosity eventually meeting at the centre creating a continuous line.  
 

 
   
Fig.2.8  A collection of piggy-back type agates from Woolshed, Mt Somers. Scale bar = 2 cm. 
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The agates from Mt Somers can be large but the 30 or so samples that I have seen show little in the 
way of colour variation. As will be discussed in Chapter 4, the agates from this region appear to have 
been formed long after the Mt. Somers host rock. The large agates frequently show more than is usual 
of the piggy-back agates (Fig. 2.8).  
 
The effects of iron oxide in agate 
Iron oxide frequently appears in agate with shades of red, orange, yellow, purple and black. These 
oxides are compounds involving iron, oxygen and frequently the hydroxide group. The observed 
colour in any one of the thirteen known iron oxides can change depending upon the crystal size and a 
substitution of iron by aluminium. The science of these oxides is complex and here I have made the 
assumption that a red colour is due to hematite (Fe2O3) and yellow or orange is due to goethite 
(FeOOH). 
  
The images in Fig. 2.9 do show the effects of hematite on the final colour in agates. a) and b) are from 
fossilised Utah redwood and show the intense precipitation of hematite can be black (the dark bands in 
a) and yet the finer and spotty bands are red-brown (the thinner bands in a). A different area of the 
same agate is shown in b) where apparently similar specks of hematite can produce either a black or 
red dusty effect. Spiral growths are shown in c) and d); the spirals are not as well developed as those 
described by Lentz (2005). The agate here is in fossil wood so the feature is not limited to agates in 
igneous hosts as suggested by Lentz. 
 

 
 
 Fig. 2.9 Micrographs from a thin section of agatised fossil wood demonstrating iron oxide banding and spirals.    
(Plane polarized light; scale bar = 0.2 mm). 
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Vein agate, Ayrshire, Scotland.  
Vein agate can give be either an apparent single influx of silica or, as shown here, the agate appears to 
develop as a series of separate deposits layering either side of the vein and finishing with a quartz 
centre and a mirror image of separate deposits. The lower half of the photograph in Fig. 2.10 is host 
rock with agate forming as the upper half. 
 

 
Fig.2.10 a) A thin section of vein agate on a well weathered host rock. (plane polarised light). b) The same 
section with the polars crossed. Scale bar = 1 cm. 
 
Paint Rock agate, Tennessee, USA. 
The host is limestone and produces large blocks of agate but unlike the vein agate (Fig. 2.11) seem to 
have formed from a single inflow. The patterns are complex and this material is well named as Paint  
Rock agate. The slab in Fig. 2.11 shows clear chalcedony as a starter on the left followed by a block of 
red, yellow and clear agate. The red and yellow section in this agate is the first example that has been 
shown where agate formation is not demonstrating broad sweeps of fibrous chalcedony. This is not 
unusual and agate can produce regions that lack the sweeping chalcedonic fibrosity. The agate is 
comparable to the block of Lyme Regis agate shown on p.6 but there are differences. Both are formed 
in a limestone host and have a region of obvious chalcedonic fibrosity. However in the Lyme Regis 
example (Fig. 1.3 i), the lower section lacks the translucency shown by the upper agate section. 

   
Fig. 2.11.  a) A slab of Paint Rock agate. b) The same slab in thin section. Scale bar = 2 cm. 
 
Additionally, while the lower section is an interesting mauve chert, it has a granular structure and is 
not agate. The holes in the bright red section of the Paint Rock sample do show spherulitic growth. 
This type of growth occurs in glassy rocks as well as agate where growth starts from a single point, 
develops radially and only stops when one spherulite meets another.  
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