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Late Cretaceous Paleogeography

The Cretaceous Period

144 - 65 Ma





Geologic Setting in 
Late Cretaceous 

• Continents began to move toward their present 
configuration. Atlantic Ocean widened. 
– Gondwanaland breaks up

• Black shale and chalk deposits abound. 
• Limited ice caps to supply cold (dense, heavy) 

oxygen-rich water to ocean bottoms - anoxia
• Volcanism + mountain building in western U.S. 

subduction. (Cordilleran region)



Upper Cretaceous 
Geologic Setting

(continued)

General Conditions

• High sea levels worldwide
• Continents covered by shallow seas, epicontinental seas including interior U.S.

• Chalk deposits represent 70% of the total carbonate sediment deposited worldwide
for the past 100 m.a. (Hay et al., 1976)

• Large-scale sedimentary cycles reflecting synchronous transgressive/regressive 
pulses largely eustatic in origin (Pollastro and Scholle, 1986)

Life in the Cretaceous

• Diversification of the planktonic foraminifera
• Coccolithophores became abundant

• Coccoliths (low-mag calcite shells) accumulated in large numbers on the sea 
floor including epicontinental sea forming CHALK

• The word Cretaceous means "chalk bearing"





Niobrara Chalk
• High porosity (40-50%) and low permeability (0.1-3 md)

– Initial porosities from 60-80%, compacting with burial from dewatering, grain 
reorientation, and grain breakage

– Permeabilities in excess of 0.5 md at shallow depths (~1000 ft, like northwestern 
Kansas); max reported range from 0.1 to 16 md (Lockridge and Scholle, 1978)

• Eastern Denver Basin and Kansas – Biogenic gas from thermally immature, 
organic-rich chalk beds (Landon, Longman, and Leneau, 2001)

• Local accumulations of shallow gas controlled by local, faulted, low-relief 
domal structures, or noses

• Chalk is very brittle and even minor structures lead to natural fracturing and 
greatly enhanced reservoir porosity

• Faulting documented as horst and graben features with faulting not 
extending into adjoining formations

• Higher structure and higher gas saturations, typically ~50% and less -
(Lockridge and Scholle, 1978)

• Reservoir pressures: Goodland at 900 ft with ~60 psi to 350 psi at 1500 ft at 
Beecher Island, Colorado

Polastro and Scholle (1986)



Niobrara Chalk (continued)
• Chalk is fined grained micrite representing a mixture of calcareous, 

organic, and terrigenous components (70-80% carbonate)
• Dominant “grain size” from 0.2 to several micrometers (10-6 m)
• Carbonate: calcareous (low magnesium calcite) nannofossils (60-

90%) including coccoliths (golden-brown algae), and lesser 
Foraminifera and calcispheres, plus macrofossils

• Local diagenetic reactions with organics and inorganics leading to 
authigenic minerals (pyrite and kaolinite)

• Clays dispersed and laminae consist of smectite and increasing 
interstratified illite-smectite (expanding, water reactive clays)
– Pure chalk-marl-clay gradation reflected on gamma ray log

• Organic matter averages 3.2% and is as high as 5.8% in the Smoky
Hill Chalk Member of the Niobrara Chalk Fm.

• Natural gas has chemical and isotopic composition characteristic of 
biogenic gas

• BTU content of gas ranges from 965 to 1025.

Polastro and Scholle (1986)



Niobrara Chalk (continued)

• Pay commonly defined by induction-neutron-density
– Rt in pay typically from 3 to 15 ohm-m 
– Pay typically has higher neutron porosity and low density 

porosity reflecting presence of natural gas (excavation effect)
• Fracture stimulation necessary to make gas production 

from wells economically feasible
– Sand nitrogen foam, sand-carbon dioxide, and methanol-water

treatment have been used effectively
– IP after stimulation range from 100 to 1,200 mcfpd with rapid 

decline to 50 to 300 mcf (3 to 10% per year)
– Variation in productivity represents combined effects of matrix 

and natural fracture permeability

Polastro and Scholle (1986)





















Structural Development
of Shallow Niobrara Gas Play



























Isopach of the Leonardian
Series 

• Thicks corresponding
with location of 
Niobrara gas fields
C.I. = 50 ft. 

• Cross Section index
line B-B’

Oldham (1997)



Lockridge and Pollastro (1988)

Structure map at
top of Niobrara Chalk
Compared to top of Chase

Contour Interval = 100 ft (same for both maps)

Cherry Creek
Niobrara Gas 
Area





































Summary -- Niobrara Chalk

• High porosity (40-50%) and low permeability (0.1-3 md)
• Permeabilities in excess of 0.5 md at shallow depths 
• Biogenic gas from thermally immature, organic-rich chalk 

beds
• Local accumulations of shallow gas 
• Chalk is very brittle 
• Faulting documented as horst and graben features 

associated with underlying dissolution of Permian 
evaporite beds

• Higher structure and higher gas saturations, 
typically around 50% and less

• Low reservoir pressures



Summary (continued)

• Chalk is fined grained micrite with 
nannofossils and coccoliths 

• Dominant “grain size” from 0.2 to several 
micrometer (10-6 m)

• Mixed layer expansive, water reactive 
clays dispersed and laminae 



Summary (continued)

• Pay commonly defined by induction-neutron-
density
– Rt in pay typically from 3 to 15 ohm-m 
– higher neutron porosity and low density porosity 

reflecting presence of natural gas
– Low matrix density 

• Fracture stimulation necessary to make gas 
production from wells economically feasible

• Cumulative well production in NW Kansas 
average between 100 to 150 MMCF 
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