
Geological basis of coal formation 
Origin of peat swamps 

Peat swamp forests are tropical moist forests where waterlogged soil prevents dead leaves and wood from fully 
decomposing. Over time, this creates a thick layer of acidic peat. Large areas of these forests are being logged at high rates. 

Evolutionary development of flora 



True coal-seam formation took place only after Middle and Upper Devonian, when the plants 
spread over continent very rapidly. Devonian coal seams don’t have any economic value. 



Devonian Paleogeography 

The Devonian period was a time of great 
tectonic activity, as Euramerica and 
Gondwana drew closer together. The 
continent Euramerica (or Laurassia) was 
created in the early Devonian by the collision 
of Laurentia and Baltica, which rotated into 
the natural dry zone along the Tropic of 
Capricorn, which is formed as much in 
Paleozoic times as nowadays by the 
convergence of two great air-masses, the 
Hadley cell and the Ferrel cell. In these near-
deserts, the Old Red Sandstone sedimentary 
beds formed, made red by the oxidized iron 
(hematite) characteristic of drought 
conditions. 
Sea levels were high worldwide, and much of 
the land lay under shallow seas, where 
tropical reef organisms lived. The deep, 
enormous Panthalassa (the "universal 
ocean") covered the rest of the planet. Other 
minor oceans were Paleo-Tethys, Proto-
Tethys, Rheic Ocean, and Ural Ocean (which 
was closed during the collision with Siberia 
and Baltica). 



Carboniferous flora 



Upper Carboniferous is known as bituminous coal period. 
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Permian coal deposits formed predominantly from Gymnosperm Cordaites. 



Cretaceous and Tertiary peats were formed from angiosperm floras. 



Climate 

The warmer and wetter the climate, the more luxuriant is the flora and the more dominant forest swamps 
become over reed and moss swamps. 

A tropical swamp renews itself in 7-9 years, where trees grow upto height of 30 metres, while a temperate 
swamp grows upto 5-6 metres in the same length of time. 

Tectonic Structure 

Peat deposits only remain preserved in areas of subsidence. 
Rich coal deposits are related to areas which frequently occur in the foredeeps in front of great fold 
mountains. 
 



A bog is a mire that accumulates peat, a deposit of dead plant material—often mosses, and in a majority of 
cases, sphagnum moss. Other names for bogs include mire, quagmire and muskeg; alkaline mires are called 
fens. They are frequently covered in ericaceous shrubs rooted in the sphagnum moss and peat. The gradual 
accumulation of decayed plant material in a bog functions as a carbon sink. (Ericaceous shrubs- plants 
thriving in acidic soils) 

Classification of bogs 

Classification based on the method of water supply:  
1. Ombrotrophic (receive water only from precipitation),  
2. Minerotrophic (receive water from surface water and groundwater)- flux of nutrient and 

minerals is high in minerotrophic bog than ombotrophic bog. 
 
Classification based on the landforms where the bog development occurs:  
1. Ombrogenous bogs (humid, temperate climates) 
2. Topogenous bogs (formed in previously glaciated regions) 
3. Limnogenous bogs (commonly referred to as swamps or marshes) 
4. Soligenous bogs (precipitation>>evapotranspiration) 

 



A depression is gradually filled in with 
topogenous peat, which is then overgrown by a 
laterally expanding ombrogenous peat mass.  

Soligenous bog 



Classification based on the landform produced by the bog: 

1. Peat Bog Lake Systems 

In formerly glaciated regions, peat bog lake systems are most common in kettle lakes. Dammon and French (1987) divide 
peat bog lake systems into three types based on the configuration of the bog mat. These types are lake fill bogs, moat bogs, 
and pond bordering bogs. The lake fill bog is the first stage in the filling of an oligotrophic lake. The lake is completely 
covered by either a grounded mat. The vegetative cover ranges from conifers and deciduous trees to dwarf shrubs. In a 
moat bog, an area of open water separates the bog from the surrounding shoreline. The moat bog is a floating or quaking 
bog with vegetation similar to that of the lake fill bog. Pond border bogs have vegetation around the pond shoreline. The 
width of this vegetative zone may only be a narrow area around the shoreline or it may extend to near the center of the 
pond. The bog is floating near its inner terminus and grounded along the shoreline. 

Pond Bordering Bogs 

Moat bog 
Water body 
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2. Perched water bogs occur in depressions and valleys where a perched groundwater table is present that can provide 
water for bog development. (Damman and French, 1987). Since the water is supplied by a shallow perched water table, 
mineral and nutrient concentrations are low.  

3. Peat Bog Stream Systems: This type of bog forms along a slow moving stream system. Flooding may occur during periods 
of heavy stream flow (Damman and French, 1987). The mineral and nutrient flow is variable. Damman and French (1987) 
reports that streams that supply water to bog stream systems can be low in nutrients, in which case Sphagnum is the 
dominant vegetative cover. 

4. Ombrogenous Bog Systems: This type of bog is also referred to as a raised 
bog. The border around the raised portion of the ombrogenous bog may be 
minerotrophic (Damman and French, 1987). The vegetation in the raised portion 
of the bog is dominated by Sphagnum. Raised bogs can exist over a wide range 
of climatic regions.  



Formation of Bogs 

Lake types  



Limnologic condition Resulting deposits 

High nutrient concentration, noncalcareous, 
abundant flora 

Organic rich sediment (nekron mud or gyttja) 
in the near shore environment 

High nutrient concentration, calcareous, 
biological community contains organisms that 
mediate the precipitation of lime 

Marl  

Low nutrient concentration, low biological 
production (oligotrophic waters) 

Coarse clastic (sand) near shore, silts grading 
into finer clay in deeper water 
Organic mud known as “dy” (aka gel mud) 

Abundant diatoms, nutrient level may be high 
to low determining the presence of diatoms 

White siliceous mud formed from diatom 
frustules (diatomites) 



Progression from Lake to Bog 
-The progression from lake to bog starts when plants begin to encroach into perimeter of the 
lake and the sediments begin to change from clasts to peats (Lowe, 1997).  
Three general categories of peat : 1. limnic peats, 2. telmatic peats, 3. terrestrial peats.  
• Limnic peats form below the water level from plant material transported into the water or 

from native plant material.  
• Telmatic peats form in the swamp zone.  
• Terrestrial peats accumulate at or above the high water level. 
- Limnic peat begins to accumulate along with silts in the lake as plants start to invade the lake. 
Limnic peat forms a layer at the bottom of the lake.  
- Telmatic peats begin to accumulate around the lake's perimeter. As the telmatic peat begins 
the accumulate, the region around the lake's perimeter grows shallower providing additional 
area for the growth of more vegetation. The area of open water grows smaller until the lake is 
filled with telmatic peat. Mixed vegetation such as grasses, sedges, shrubs, and deciduous trees 
may then root and grow over the now filled lake.  
- As terrestrial peats begin to accumulate, the deciduous trees begin to dwarf and conifers start 
to dominate. The change from deciduous trees to conifers is probably a result the increasing 
acidity of the bog as the terrestrial peat accumulates. As the doming of the bog continues, the 
environment changes such that conifers can no longer survive and the vegetation is then 
dominated by Sphagnum. 





Filling of a lake by plant growth and the resulting sequence of different types of organic mud 
and peat  

Time 

Peat can be classified on the type of plant material from which it was derived. Damman and French (1987) recognize five 
types of peat based on their vegetal origin. The types of peat are: 
Sphagnum peat, which consists primarily of Sphagnum with minor amounts of vascular plant material; 
Moss and moss-sedge peat, which is primarily derived from mosses; 
Reed and sedge peat, which is derived from a mixture of reeds, cattails, and large sedges; 
Wood peat, originates in forested peatlands and contains wood in various stages of decay; and 
Limnic peat, develops in lakes as a result of the deposition of organic matter from aquatic organisms. 



Humification: measure of degree of decomposition. 

Scale Peat Characteristics 

H1 Completely undecomposed peat; only clear water can be squeezed from peat 

H2 Almost undecomposed; mud free peat; water squeezed from peat is almost clear and 
colorless 

H3 Very little decomposition; very slightly muddy peat; water squeezed from peat is muddy; no 
peat  passes through fingers when squeezed; residue retains structure of peat 

H4 Poorly decomposed; somewhat muddy peat; water squeezed from peat is muddy; residue is 
muddy but it shows structure of peat 

H5 Somewhat decomposed; muddy; growth structure discernible but indistinct; when squeezed 
some peat passes through fingers but most muddy water passes through fingers; 
compressed residue is muddy 

H6 Somewhat decomposed; muddy; growth structure indistinct; less than one-third of peat 
passes through fingers when squeezed; residue very muddy 

H7 Well decomposed; very muddy, growth structure indistinct; about one-half of peat passes 
through fingers when squeezed; exuded liquid has a "pudding-like" consistency 

H8 Well decomposed; growth structure very indistinct; about two-thirds of peat passes through 
fingers when squeezed; residue consists mainly of roots and resistant fibers 

H9 Almost completely decomposed; peat is mud-like; almost no growth structure can be seen; 
almost all of peat passes through the fingers when squeezed 

H10 Completely decomposed; no discernible growth structure; entire peat mass passes through 
fingers when squeezed 

von Post Humification Scale, 1926 



Chemical Environments of Bogs: Damman and French (1987) define two peat horizons. The horizon 
identified as the acrotelm is the peat above the low water table elevation and the horizon identified as the 
catotelm is the horizon that is permanently saturated. The catotelm is saturated with water that has a low 
dissolved oxygen content and is reducing with respect to most redox reactions. The water also has a low pH 
and is nutrient poor. 

The water contained in bogs generally has a low pH 
which is somewhere around 5.5. There are several 
factors that may contribute to the low pH. Davis 
(1946) states that the growth of mosses decrease 
the pH of the water. Decaying vegetation produces 
humic and fulvic acids which would decease the pH 
of the water. Dissolved carbon dioxide in the water 
forms carbonic acid. Carbon dioxide is produced by 
many reactions including the reduction of nitrate to 
nitrogen gas. In the northeast, rainwater may have a 
low pH due to atmospheric sulfur combining with 
the rain water to form sulfuric acid. The brown color 
common in bogs is mostly due to tannins released 
from vegetation. These tannins can also lower the 
pH. 


