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Thermal Contraction and Petroleum Maturation in 
Michigan Basin 

Surface cooling of heated continental crust imposes a 
load on the lithosphere which causes subsidence as the 
basement rocks contract. Accumulation of sediments in 
the resulting depression forms a sedimentary basin. 
Studies of the geometry of sedimentary basins with hor
izontal dimensions of a few hundred kilometers suggest 
the lithosphere responds to loads by regional flexure of 
a strong elastic or viscoelastic upper hthosphere. 

A three-dimensional model for flexure of the litho
sphere due to thermal contraction is appUed to the 
Michigan basin. Using the observed depth to basement 
and assuming a continuously filled basin, the magni
tude of the thermal contraction load is calculated for 
each effective flexural rigidity of the lithosphere. For a 
sediment-mantle density contrast of 0.69 g/cu cm and a 
thermal decay constant for the lithosphere of 50 m.y., 
the subsidence record of the sediments and the ob
served free-air gravity anomaly are most satisfactorily 
explained by an elastic lithosphere with an effective 
flexural rigidity of 2 X 10̂ * dyne-cm or a viscoelastic 
lithosphere with an effective flexural rigidity of 10" 
dyne-cm for a viscosity of 10̂ ^ poise. 

The temperature history of stratigraphic horizons 
during basin development is determined from the excess 
temperature due to the thermal anomaly and the pre
dicted burial history of the sediments. For an equilib
rium temperature gradient of 22°C/km, a surface tem
perature of 10°C and an equihbrium surface heat flow 
of 1.1 HFU, the maximum paleotemperature and sur
face heat flow for both the elastic and viscoelastic 
models are 100°C and 2.5 HFU, respectively. These es
timates are consistent with limits set by paleomagnetic 
studies. The low value for paleotemperature results 
from the concentration of the thermal anomaly below 
15 km. 

Once the thermal history of the sediments is specified, 
the oil potential of the basin can be determined from 
laboratory derived kinetic equations for the degradation 
of kerogens to petroleum. For the Michigan basin, tem
perature conditions sufficient for kerogen conversion 
have existed only in the Middle and Upper Ordovician 
and the Lower Silurian sedimentary rocks in the central 
section of the southern peninsula of Michigan. Pub
lished geochemical studies confirm this origin of the pe-
troleimi. 
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Cross-Bedded Sandstone Reservoirs—Geologic Model
ing of Geometry of Reservoir Units and Permeabihty 
Anisotropy Using Well Logs 

A worldwide study of sandstone formations with 
large-scale cross-bedding reveals that the majority of 
these originated as transverse bed forms. It is possible to 
recognize the transverse origin as well as the geometric 
shapes of the depositional surfaces of some other bed 
forms. Investigations by K. Weber and others have aid

ed in the understanding of the areal distribution of eoh-
an transverse genetic units and thus allow for geologic 
modeUng. Unfortunately, the genetic units may have ce
mented parts and thus may not produce as single reser
voir units. By relating the petrophysical analysis of 
these sandstone sequences to a bedding evaluation, it is 
often possible to infer the nature and geometric distri
bution of the porous reservoir units and non-porous ele
ments. Thorough geologic reservoir modeling may be 
derived from (1) a dipmeter survey and porosity logs, or 
(2) petrophysical core analysis and oriented bedding 
studies from full, continuous cores, or both. At least one 
is necessary. 

With either data base it is possible to determine the 
presence and areal significance of permeabihty aniso
tropy controlled by the texture, fabric, and diagenesis of 
bedding lamina. The geometric determinations of dip 
angle and azimuth, combined with the genetic interpre
tation of areal extent of the reservoir unit, allow bore
hole formation evalimtion to be geologically projected 
into the reservoir area between wells. Such a geologic 
modeUng and analysis are important in completion 
practices, field development, water flooding, and reser
voir analysis. 
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Bowdoin Dome Area, North-Central Montana—Exam
ple of Shallow Biogenic Gas Production from Lower-
Permeability Reservoirs 

Natural gas is currently being produced from shal
low, low-permeability, low-pressure reservoirs in the 
Bowdoin dome area, PhilUps and Valley Counties, 
Montana. Most of the biogenic gas is stratigraphically 
entrapped in thin, discontinuous siltstones and sand
stones that are enclosed in a thick sequence of shales of 
Late Cretaceous age. There is some structural influence 
on the accumulations in more porous zones. The reser
voirs and the associated shales were deposited on a shal
low-marine shelf and thus present different mapping 
and recovery problems from most low-permeability res
ervoirs of nonmarine origin. 

Early development, prior to 1960, was on the struc
turally high part of the dome and covered an area of 
about 200 sq mi (520 sq km). Production was from 
depths ranging from 800 to 1,000 ft (240 to 300 m). With 
the advent of higher gas prices and improved comple
tion technology in the 1970s, the field now includes an 
area greater Qian 600 sq mi (1,560 sq km). The reser
voirs in the expanded area are lower in permeabihty, 
occur at depths ranging from 1,200 to 1,800 ft (360 to 
540 m), and require stimulation to provide economic 
flow rates. 

Most of the recent wells have been drilled using con
ventional rotary rigs and mud systems designed to mini
mize formation damage. The wells are hydraulically 
fractured using sand, carbon dioxide, and water. A 
combination of sonic, neutron, and density logs is an 
aid in reservoir evaluation, although better logging tools 


