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GY 111 Lecture Note Series 
Lithification 

 
Lecture Goals 
A) The sedimentary portion of the rock cycle 
B) Cementation 
C) Compaction 
 

 
 
A) The Rock Cycle (Again!) 
Earlier this semester, I introduced you to the concept of the rock cycle. It was is a graphic 
representation of the interrelationships  of rocks and the processes that form them. In case you do 
not immediately recall the rock cycle (shame on you!), I’ve reproduced it below for you again: 
 

 
 
Now consider the sedimentary component of the rock cycle. The change from sediment to 
sedimentary rock occurs through the process of lithification which translates literally into rock 
formation. This is a unique process to the sedimentary rocks. Most other rocks (with the 
exception of pyroclastic igneous rocks1) form initially as rocks (e.g., igneous rocks form as 
magma or lava cools and solidifies; metamorphic rocks start off as rocks and are altered by high 
pressure or temperature).  This is not to say that all sedimentary rocks form through lithification 
of sediment. Some, most notably the chemical sedimentary rocks, initially form as solid masses. 
However, most sedimentary rocks start off as unconsolidated sediment. 
 
Now we have to consider the processes by which sediment is converted into sedimentary rock. In 
order to do this, we first have to consider the grain size of the sediment and where the sediment is 
in relation to the water table. Coarse grained sediment (gravel and sand) is most likely to be 
lithified through the action of cementation. In some cases, cementation can occur at the surface 
of the Earth, but it primarily takes place underground below the water table in the zone of 
saturation. In contrast, fine grained sediment (mud; silt and clay) normally remains unlithified 
until it has been buried much deeper. Here, the weight of the overlying sediment (the 
overburden) compresses the mud into shale or siltstone. 
                                                           
1 Which are partially sedimentary in nature. 
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B) Cementation 
Groundwater can contain a significant amount of dissolved ions like Ca2+, Mg2+, Na+, CO3

2-, Fe2+, 
SiO4

4+ etc. Under the right conditions, these ions can get together to form new chemical 
precipitates like calcite, hematite, quartz, chert or any combination of minerals. The cementation 
process can be relatively fast (weeks) or incredibly slow (millions of years). It can completely fill 
the pore space (pervasive cementation) or only be sporadic. Partially cemented pore space results 
in friable sedimentary rocks that easy fall apart when handled. It is likely that you will see a wide 
range of cementation in the sedimentary rock component of GY111L. 
 

 
 
The best way to appreciate the nature of the cements in sedimentary rocks is to exam them under 
a geological microscope. Samples of rock are sliced very thin (0.03 mm thick) so that they are 
transparent in transmitted light. In these rock thin-sections, grains and cements are easily 
distinguished because different minerals have different optical properties2.  The image to the left 

is a view of a sedimentary rock in thin section. 
Three grains in the field of view (approximately 2 
mm across) are dark brown in color. The pore 
space between them is filled by 2 generations of 
calcite cement. The first completely surrounds the 
grains. The second filled in the remaining pore 
space. This is an example of a calcite cemented 
sedimentary rock. I hope that you can appreciate 
some of the complications that cementation 
impacts on rocks and your ability to identify them 
in the labs. A calcite-cemented quartz arenite 
sandstone will fizz if you put a drop of HCl acid 
on it and might be confused with a limestone3. A 

limonite or a hematite-cemented sandstone will be very different colors than a sandstone 
cemented by quartz (yellow or red, respectively). This is why you should rarely use color to name 
sedimentary rocks. The exception is shale where red, green and black colors all have important 
depositional implications. 
 
                                                           
2 There should be no surprise that minerals have different properties when you look at them under a 
microscope. The also have different physical properties when examined in thin section. 
3 As you probably suspect, the amount of fizz will be dependant on the percentage of calcite within the 
rock. A calcite-cemented sandstone should not react as intensely to HCl as limestone 
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C) Compaction 
When mud is initially deposited, it is water saturated. Indeed, up to 80% of the volume of freshly 
deposited mud (say on a river flood plain or in a lagoon4) is water. As this material gets buried 
under additional sediment, compaction causes the mud to dewater. The pore water passes either 
laterally or upwards as burial proceeds and over time, the volume of the mud decreases 
significantly. At the same time, the fine sediment that comprises the mud is compressed together. 
Silt-sized sediment is usually composed of quartz and feldspars and consequently, is 
equidimensional as far as grain shape is concerned. The clay sized sediment is actually composed 
of clay minerals like kaolinite. Clay minerals are phyllosilicates and if you recall your silicate 
structures, you will realize that they are platy (see cartoon below). 
 

 
 
 
Compaction causes the clays and silt-sized grains to squish into one another. This results in a 
form of lithification, but it is seldom as strong as cementation. Moreover, it tends to really 
emphasize the horizontal layering of the original mud. This is why shales are relatively soft and 
fissile rocks. 
 
You are going to see a version of the last diagram again in this class when we start talking about 
metamorphism in a couple of weeks time. Some clarification now might avoid confusion later. 
The compaction that we are talking about in sedimentary conditions (i.e., burial-related 
dewatering) is really, really, really minor compared to what we will get into in metamorphism. So 
when I talk about “squishing” grains when mud is compacted into shale, this is primarily because 
of the loss of volume when the pore water is pushed out. Under metamorphic conditions, the 
grains are compacted so much that they actually change their orientation. That means that they 
are no longer shales. More on this later. 

 
Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

                                                           
4 River flood plain mud is red because of the presence of Fe3+. Lagoon mud is greenish-grey because of the 
presence of Fe2+. 
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