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Introduction to Shallow Gas in North Dakota

• Definition of Shallow Gas
• Historical Occurrence and Production
• Geological Factors of Occurrence
• Anthropogenic (Landfill) Gas
• Current Investigations
• Recent Investigative Highlights
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A Definition of Shallow Gas in North Dakota

• Natural gas that is generated and 
accumulates within the near 
surface geology of the state 
typically sourced and contained 
within permeable organic laden 
glacial sediments or within fractured 
shale reservoirs of Cretaceous age 
or combinations of each.

• Gas Properties (Barry, 1908)
– 886 BTU
– 82.7 % Methane
– 0.2 % Ethane
– 12.4 % Nitrogen
– 0.5 % Hydrogen
– 1.2 % Carbon Monoxide (CO2?)

Gas flare on the Mohall Dome in the early 1920’s.

(NDGS)
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Areas of Historical Shallow Natural Gas Occurrence 

Modified from Hard, 1920
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Bottineau County Historic Shallow Gas Occurrences

HISTORIC OCCURRENCES

(Modified from Anderson, 2006)
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Historical Shallow Gas Use in North Dakota

Examples of historic shallow natural gas use by North Dakotans
Iikely near Mohall, in Renville Co. around 1919.

Gas storage tank at the Northern Hotel, 
Edgeley, LaMoure Co., around 1920
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Types of Gas Occurrence in North Dakota 
• Thermogenic (Deep Gas)

– Producing zones within the 
Williston Basin

• Biogenic (Shallow Gas)
– Quaternary (Drift) Gas
– Migrated Gas

• (Fox Hills/Hell Creek)
– Cretaceous Gas

• (Pierre/Niobrara Shale)
• Anthropogenic (Landfills)

– Fargo Municipal Landfill 
(Active)

– Grand Forks (Potential)

Gas producing well in the Mohall, ND area around 1920
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Shallow Gas Conceptual Models

• Shale Gas (Niobrara Eastern WB Flank)

• Quaternary (Drift Gas)

• Upper Cretaceous Shallow Bedrock
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Potential Niobrara Gas 

(Modified from Anderson, 2006)
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Quaternary “Drift Gas”

(Modified from Anderson, 2006)
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Upper Cretaceous Shallow Bedrock
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Shallow Gas in Quaternary Deposits

• Playa Lake Setting in Northwest North Dakota

• Drift Gas in Pleistocene sediments in North 
Central North Dakota

• Influence of Glaciotectonic Ice-Thrusts

• Anthropogenic Methane (Landfill Gas)
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North Dakota Playa Lake Setting
NDGS AREA OF 
INVESTIGATION

(Modified from Anderson and Murphy, 2005)



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

North Dakota Playa Lake Setting

NORTH 
LAKE

MILLER 
LAKE

GRENORA 
#1
GRENORA
#2

(Modified from Anderson and Murphy, 2005)
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North Dakota Playa Lake Setting

GLACIAL SEDIMENTS 

(OUTWASH AND TILL)

SALT

CLAYS

CLAYS

Generalized Lacustrine Stratigraphy

(Modified from Anderson and Murphy, 2005)
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Borehole No. 2, Miller Lake, Divide County, ND

BOREHOLE

GAS BUBBLES

(Modified from Anderson and Murphy, 2005)
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Glaciotectonic Ice-Thrusts

(from Bluemle, 2005)



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Glaciotectonic Ice-Thrusts

(from Bluemle, 2005)



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Glaciotectonic Ice-Thrusts

(from Bluemle, 2005)
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Glaciotectonic Ice-Thrusts

N

Anamoose (Steele Lake) Ice-Thrust in north-central North Dakota

(NDGS, 2005)



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Landfill Locations in ND

Facilities depicted here include all current permitted facilities which include: 
municipal solid waste, special waste, industrial, inert-permit by rule, and inert 
facilities (NDDH, 2005). Geologic map modified from Clayton, et. al., 1980

Location of MSW facilities 
that are producing gas or 
have a potential to produce 
gas (NDDH, 2005).
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Generalized Near Surface Glacial Stratigraphy at Fargo, ND 
and Conceptual Landfill Construction

(Modified from Anderson and Murphy, 2005)
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Estimation of Landfill Methane Generation Flow Rate1

where,

QCH4 = maximum expected methane generation flow rate (cubic meters per           
year)

Lo = methane generation potential (cubic meters per Megagram solid waste)

R = average annual acceptance rate (Megagrams per year)

k = methane generation rate constant (yr-1)

t = age of the landfill (yr)

1 EPA, AP-42

QCH4
= LoR (e-kc – e-kt)

1 EPA, AP-42
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City of Fargo Landfill (Active)
• Current Waste 

Amount: 2,696,775 
Mg

• Average Annual 
Waste Acceptance 
Rate:  107,871 Mg/yr

• Landfill Age: 25

• Time Since Closure 0

• Methane Generation 
Potential: 170 m3/Mg 
sw

• Methane Generation 
rate constant 0.02 yr-
1

• Estimated Methane 
Generation:

255M ft3/yr

• Current Methane 
Generation of approx. 
210 ft3/yr

U
N

LI
N

E
D

 C
LO

SE
D

 A
R

E
A

OLD FARGO LANDFILL
LINED/ACTIVE AREA

0 1/2

MILE

N



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Landfill Gas – Old Minot Landfill

GAS 
EMINATION

(Modified from Anderson and Murphy, 2005)
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Current NDGS Investigative Activities

• Background Research
– Online Database of Shallow Natural Gas Occurrences in North Dakota.
– Online Bibliography of Shallow Natural Gas References in North 

Dakota.

• Subsurface Geology
– Preparation of Correlation Cross Sections through the Cretaceous units 

across North Dakota 
– Preparation of Structure Contour and Isopach maps of selected 

Cretaceous units in the state.

• Hydrogeologic Data Compilation and Analysis
– Observation well field screening and sampling
– Analysis of Ground-Water Geochemistry Data
– Evaluation of the Influence of Hydraulic Head on Natural Systems
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Structure on Cretaceous and Jurassic Units

Several Units Being Worked On by the NDGS:
Structure Contour Maps (1:1,000,000)

Greenhorn Formation
Mowry Formation 
Inyan Kara Formation
Swift Formation

Isopach Maps (1:1,000,000)
Greenhorn-Mowry
Mowry-Inyan Kara
Inyan Kara-Swift
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Structure Contour Maps
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3D Conceptual Structural Surfaces
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Stratigraphic Sections of Cretaceous Units
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Stratigraphic Sections of Cretaceous Units
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Stratigraphic Cross Sections



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Recent Investigative Highlights
• Steele County

Niobrara Shale Gas Concept
Results

• Bottineau County
Combined “Drift Gas” and Upper Cretaceous 

Shallow Bedrock
• Renville County

Continuation of Bottineau Area Trend
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Reconnaissance Field Screening Studies

• Screening of existing monitoring points with 
portable instrumentation:

Flame Ionization Detectors (FIDs)
Methane

Multi-Gas Meters
Oxygen
Carbon Dioxide
Hydrogen Sulfide
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NDGS Reconnaissance Observation Well Field Screening Investigations



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

Recent Shallow Gas Occurrences

• Observation Well:
162-83-15CCC

• FID Instrument 
Response = 236 ppm
(as methane)

• Flowing head well 
(<1 gpm)

• [Methane] in 
groundwater = 8.3 mg/L

• Located in area of 
historic shallow natural 
gas occurrence 

(western Bottineau Co.)

• Bubbling continuously 
at top of well

(approx 2-3 bubbles/5 sec.)

0-in. 2-in.1-in.
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Recent FID Field Screening Results
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Bottineau & Renville County, North Dakota

Continuation of the 
Historical Bottineau
Area Trend

Recent Preliminary 
Shallow Gas 
Occurrences

NDGS, 2006
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Hydrogeologic Data Assessments
Assessment and Interpretation of Ground-water Geochemistry

Relationship of Historic Wells with Gas Shows to [Sulfate] 
(Modified from Anderson, Shurr, and Fischer, 2006)
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Hydrogeologic Data Assessments
Assessment and Interpretation of Ground-water Geochemistry

Relationship of Historic Wells with Gas Shows to [Bicarbonate] 
(Modified from Anderson, Shurr, and Fischer, 2006)



North Dakota Department 
of Mineral Resources

North Dakota 
Geological Survey

North Dakota Geological Survey
Geological Investigations No. 32

N

Remote Sensing and Geomorphic Analysis

LANDSAT Imagery modified from USGS – NASA
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Planned Focused Field Investigations

•Shallow 
Monitoring Wells

•Air and Ground-
Water Sampling

•Isotope C 
Geochemistry

•Ground-Water 
Geochemistry

•Methanogens
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Recent NDGS Publications of Interest Related To Shallow Gas

• NDGS Geological Investigation No. 25 (GI-25)
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Recent NDGS Publications of Interest Related To Shallow Gas

• NDGS Geological Investigation No. 26 (GI-26)
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Recent NDGS Publications of Interest Related To Shallow Gas

• NDGS Geological Investigation No. 28 (GI-28)
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Recent NDGS Publications of Interest Related To Shallow Gas

• NDGS Geological Investigation No. 29 (GI-29)
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Recent NDGS Publications of Interest Related To Shallow Gas

• NDGS Geological Investigation No. 30 (GI-30)
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NDGS Publications 
Related to Coal Gas

NDGS 

Open File Report 98-1 

(OF-98-1) 
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Report of Investigations No. 104

25 Billion Tons of 
Mineable Lignite
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Report of Investigations No. 105

1.3 Trillion Tons of Coal 
in North Dakota
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•Shallow Gas 
Project Website

-Focal Point for the 
delivery of all data and 
shallow gas related 
information for North 
Dakota.
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NDGS Web Page

• Link to 
Shallow 
Gas 
Project 
Page

http://www.state.nd.us/ndgs/
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ND Shallow Gas Project Page

Read and Submit 
your Shallow Gas 
Story
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Further questions to be answered
• In what geologic framework is gas being 

generated and/or accumulated?

• What is the timing associated with initial gas 
generation and/or the rates of gas generation?

• What are the underlying and overlying structural 
conditions influencing generation, migration, and 
accumulation?
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Some Potential Indicators for Exploration

• Direct Detection of Methane in Shallow 
Wells
Observation
Stock
Water Supply (private and municipal)

• Ground-water Geochemistry
Sulfate and Bicarbonate
Others?
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NORTH DAKOTA GEOLOGICAL SURVEY

Street Address: 1016 E. Calgary Ave., Bismarck ND 58503
Mailing Address: 600 East Boulevard Avenue, Bismarck ND 58505-0840
Telephone: (701) 328-8000 FAX: (701) 328-8010

Office Hours: Monday - Friday, 8am-12pm and 1pm - 5pm

The Wilson M. Laird Core & Sample Library

P.O. Box 8156 University Station
Grand Forks, ND 58202
Telephone: (701) 777-2231
FAX: (701)777-2857

North Dakota Geological Survey Paleontology Lab

Street Address: 612 East Boulevard Avenue, Bismarck, ND 58505-0830
Mailing Address: 600 East Boulevard Avenue, Bismarck ND 58505-0840
Telephone: (701) 328-8000
FAX: (701) 328-8010

North Dakota Department of Mineral Resources 
and Geological Survey Division Main Offices http://www.state.nd.us/ndgs/

fjanderson@nd.govEmail Contact:
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Subsurface Geologic Map of North Dakota

(Modified from Bluemle, 1983)
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Surface Geologic Map of North Dakota

(Modified from Clayton et al, 1980)


