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The Thermopolis Formation and its location in Hot Springs County has not 

been recently studied. The formation has two fissile black shale members 

that don’t show much difference in lithology or microfossils but were 

deposited with different sedimentation rates in the late Albian (105 million 

years ago). Lower shale deposited during rising sea level2. Upper shale 

deposited during falling sea level2 or rising sea level4. Geochemistry can 

be used to differentiate the two members. Concentrations of total organic 

matter and trace metals help to identify changes in sea level and oxygen 

level during deposition. 
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Investigate geochemical differences between two lithologically similar black 

shales. Literature suggests that:

TOM measurements, Al, Ti, U, and V concentrations will be higher in the 

lower shale member.

Cerium anomalies (Ce/Ce*) will be negative in the lower shale whereas the 

upper will have positive anomalies.

Samples were collected during summer of 2015.
The lower shale did not have a higher amount of TOM as sedimentation 

rates suggested. Trace metal concentrations are enriched as TOM is 

enriched1. V concentrations were higher in the lower but U concentrations 

were not significantly higher in the lower. This suggests that the lower and 

upper shales were deposited during a period of low oxygen levels.

Si content for the upper shale was significantly higher than the lower 

shale. Al and Ti concentrations were both higher in the lower shale than 

the upper shale. This suggests a change in source area from the lower 

shale deposition to the upper shale deposition. 

Cerium anomalies were negative for the lower shale, but were not positive 

for the upper shale. This suggests that the lower AND upper shales were 

deposited during mainly rising sea level under conditions of low oxygen 

level. 

There were four outcrops, one of the upper member pictured left and one 

of the lower member pictured right. 12 samples were collected from the 

upper and 4 collected from the lower. 

TOM was measured using loss on ignition6 – dry sediment percentages of 

weight loss from heating. Each sample underwent at least two trials of 

heating at 350º Celsius for 16 hours. Tested difference in measurement 

within members using Mann-Whitney.

Trace metal concentrations tested using ICP-MS1. Mann-Whitney used for 

comparison of concentrations for each member. 

Cerium anomaly5 calculated using log(
3𝐶𝑒

2𝐿𝑎+𝑁𝑑
). Anomaly <1 is considered 

negative, anomaly >1 is considered positive. 

Lower shale and upper shale have a negative anomalies. Very little 

variation in anomaly values throughout entire section. 

Mann-Whitney results: The lower shale member does not have a 

significantly higher amount of TOM than the upper member. 

The lower shale member had significantly higher amounts of Al, Ti, and 

V but did not have a significantly higher amount of U than the upper 

shale member. The Si content of the upper shale member was 

significantly higher than the lower shale member. 

Mann-Whitney Test Significance

Si: lower < upper Significant

Al: lower > upper Significant

Ti: lower > upper Significant

U: lower > upper Not Significant

V: lower > upper Significant
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Cerium Anomaly

Ce/Ce* vs. depth

Sedimentation Rate
Location

East Lamb, 
WY

Tensleep, 
WY

North Powder River 
Basin – West, WY

Sed. Rate 
(m/m.y.)

Sed. Rate 
(m/m.y.)

Sed. Rate 
(m/m.y.)

Sed. Rate 
(m/m.y.)

Lower 36.0 32.9 43.3 19.8

Upper 180.4 117.0 80.2 60.0

TOC vs. sedimentation rate for black shales3

Sedimentation rates for the lower are mainly below 40.8 m/m.y. marker. 

Sedimentation rates for the upper are above 40.8 m/m.y. marker. 
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