
 

Figure 1: Map of Allegheny Mountain 

Region. Image obtained from Wikipedia. 

Gunpowder from Guano 

The bird guano so kindly deposited on our homes and freshly washed cars contains much more 

value than what unpleasantly meets the eye. Bat and bird guano once served as a valuable natural 

resource that greatly influenced the military power of this region. When the American Civil War 

began between the North and the South in April 1861, the Confederacy did not own enough 

gunpowder to supply their army throughout the war.
1
 To make matters worse, the Union’s 

blockade on the Confederate ports prevented large-scale importation of gunpowder to meet the 

Confederate army’s needs. Therefore, the Confederates had to find an abundant local gunpowder 

supply if they were to have any hopes of winning the war.  

Extracting Saltpeter 

At the time, the standardized mixture for gunpowder consisted of 75% saltpeter, 15% charcoal, 

and 10% elemental Sulfur.
1 

Sulfur could have been 

imported for the Confederate army from 

underground mines if the blockades were not 

present. However, many springs in western 

Virginia contain a high Sulfur content so Sulfur 

could crystallize out of the rivers during dry times 

as the rivers evaporated. Charcoal was widely 

manufactured in the Allegheny Mountain regions through a process known as pyrolysis. In 

pyrolysis, organic matter is heated in the absence of Oxygen to separate tar (gas and liquid 
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Figure 2: Valley & Ridge Region. Photo obtained 

from W&M Department of Geology. 

organic substances) from char (remaining solid residue with higher carbon content).
2
 Slow 

pyrolysis is used to create charcoal.
2
 Saltpeter, also known as Potassium Nitrate (KNO3), is a 

white powder that the Arabs historically called “Chinese snow” and the Persians historically 

called “Chinese salt”.
34567

 Although saltpeter is currently manufactured industrially through a 

double displacement reaction between Sodium Nitrate (NaNO3) and Potassium Chloride (KCl), it 

was originally obtained from caves, either through mineral depositions from rivers or from 

guano. Flowing water tends to deposit 

dissolved minerals along the sand and clay 

floors of caves, which are common in the 

Valley and Ridge region in western 

Virginia. Saltpeter can be extracted from 

these deposited sediments. In addition, 

saltpeter can be extracted from bat and bird guano that collects along the cave floor through a 

process known as leaching. Leaching involves extracting minerals from a solid by dissolving 

them in a liquid solvent that only the minerals are soluble in, leaving an impure solid precipitate 

behind.
8
 It is also hypothesized that Nitrogen-fixing bacteria present in the cave’s already 

Nitrogen-rich surface soil combined with a moisture gradient in caves greatly influence the 

nitrification of the soil.
1
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Figure 3: Entrance to saltpeter 

cave in western Virginia. 

(Courtesy 

of Karen M. Kastning and 

Ernst H. 

Kasting, Jr.)  

Virginia, the leading producer of saltpeter during the Civil War, mined at minimum 50,000 

pounds of saltpeter through several small-scale operations across over 50 caves.
1
 The 

Confederates widespread small mining operations never presented the Union army with an 

opportunity for a large-scale attack on a centralized mine, 

allowing the Confederates to mine the saltpeter needed to 

manufacture gunpowder for their armies.
1
 One nearby cave 

with deposits of bat guano is located close to the saltpeter 

branch, which is about 3 Km East from the Mountain Lake 

Biological Station in Pembroke, Virginia.  According to the 

2006 United States Saltpeter Cave Survey, this cave, 

known as the saltpeter cave, is an undisputed saltpeter 

mining site, like most of the caves in Virginia. In total, 

Virginia currently contains over 80 known caves used for 

saltpeter mining, 11 of which are found in Giles County alone.
9
 Virginia possesses the third most 

number of saltpeter caves, behind Tennessee and Kentucky, respectively, further demonstrating 

the strategic value of this region.
9
 Examining this region’s and the surrounding area’s climates 

provides more insight into this region’s abundance of saltpeter caves, which fell within the 

Confederate’s territory. “The northward extent of the saltpeter caves may be limited by lower 

temperatures or by the wetness of northern caves; their southward extent may be limited by 

higher temperatures and less highly organic soil types[.] [T]heir westward extent may be limited 

by drier climates and nitrogen-retentive soils,” nevertheless, the Allegheny and Cumberland 

mountain regions have a balanced climate for saltpeter caves.
1
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Manufacturing Gunpowder 

Luckily for the Confederates, all three components necessary to manufacture gunpowder 

(saltpeter, charcoal, and Sulfur) are naturally available in western Virginia and what is now the 

eastern part of West Virginia, making the state a strategic resource for the army.
10

 To 

manufacture gunpowder, the Confederates had to combine the granular mixtures of charcoal, 

sulfur, and saltpeter as intimately as possible into a fine powder. The solid components were 

originally ground with a mortar and pestle, but were likely combined in a powder mill using non-

sparking equipment by the Confederates.
1
  The powdery mixture was often wet with water or 

alcohol in order to prevent sparks from igniting the powder, and to facilitate mixing of the solid 

components.
1
  

All explosives require two parts: an oxidizer and a fuel. In the case of gunpowder, charcoal 

serves as the carbon fuel source that releases energy from the reaction. Sulfur works to lower the 

ignition temperature, acts as another fuel source in addition to charcoal, and increases the rate of 

combustion of the powder. Saltpeter, in addition to the air, acts as the oxidant by providing 

Oxygen necessary to drive the combustion reaction forward. Saltpeter based explosives react 

slower in comparison to other Nitrogen-based compounds such as Ammonium Nitrate 

(NH4NO3), which complete the entire combustion reaction prior to the released gasses 

expansion, creating a shock wave. This shock wave can destroy nearby objects, including the 

muzzle of old rifles, which were not designed to withstand this rapid explosion, known as a 

detonation.
11

 A simplified equation of the combustion of gunpowder is presented below:  
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Figure 4: Photo of Pelicans Perching on Rock off the 

Coast of Peru. Photo courtesy of Bijan Morshedi. 

10 KNO3 + 3 S + 8 C → 2 K2CO3 + 3 K2SO4 + 6 CO2 + 5 N2.
12

 

Although all three components in gunpowder were obtained naturally and refined into a pure 

granulated solid, it is important to consider the organic processes that lead to the production of 

gunpowder, since the Confederate army’s efforts could have been much more short-lived without 

the gunpowder they produced from guano and cave mines. 

Biological Differences between Birds, Bats, and Humans 

Guano contains an exceptionally high amount of Nitrogen, Phosphate, and Potassium, making it 

an effective fertilizer, in addition to a component for gunpowder.
13

 Unleached guano contains 

upwards of 16% Nitrogen, and now collects in 

certain guano rich areas such as the Chincha 

Islands off the coast of Peru.
14

 
15

 These 

islands are frequented by birds who deposit 

their guano, since they can perch on isolated rocks in the Pacific Ocean that have controlled 

climates, an abundance of food in the surrounding body of water, no predators, and little to no 

rainfall to wash the guano away. In Virginia, the bird populations do not have the same density 

or experience the same isolation as the Chincha Island populations, so the bird guano does not 

collect. However, bats in Virginia’s caves are isolated like the birds of the Chincha Islands, 

allowing their guano to collect on the cave floors.  
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Figure 6: Human Urine 

Composition. Image 

courtesy of Professor James 

Landers. 

Figure 5: Uric Acid (left) and Urea 

(right). Created by Bijan Morshedi 

Birds and bats undergo slightly different metabolic processes than humans, which allow humans 

excrete waste in two forms (solid and liquid) while birds 

and bats excrete their waste through guano. Humans, 

bats, and birds all excrete the Nitrogen rich compounds 

Uric acid and Urea in their waste, however, bats and 

birds only have one way to eliminate their waste making it more 

concentrated, which is advantageous to reduce water loss.
16

 

Humans excrete Uric acid from nucleic acid catabolism and 

Urea from protein catabolism through their urine, which is 

around 95% water.
17

 By only having one method of eliminating 

bodily wastes, bats and birds have a much higher concentration 

of these Nitrogen-rich compounds, making their guano a 

valuable natural resource and fertilizer.  

Although modern gunpowder has a very different chemical composition created to reduce or 

eliminate the tremendous amount of smoke produced from the original black powder, the black 

powder historically served to power firearms and fireworks for many different armies. The 

components used to make black powder are all available naturally in the state of Virginia near 

Giles County, which helped to shape the rich history within this region.  Even though guano is 

typically unpleasant nowadays, many civilizations sought the resource simply convert guano into 

gunpowder. 
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