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PREFACE 
The eighth in a series of reports dealing with 
enhanced oil recovery projects in the State of 
Michigan is the first to deal with the Dundee 
Limestone.  These reports, by the Production 
and Proration Unit of the Geological Survey 
Division, represent an effort to better serve the 
State of Michigan, the petroleum industry, and 
the general public, by making the information 
within more readily available to all interested 
parties.  Future reports are planned and will be 
published as they are completed. 
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WEST BRANCH FIELD 
Enhanced Oil and Gas Recovery in Michigan 

ABSTRACT 
The West Branch oil field produces from an 
anticlinal structure in the Dundee Limestone.  
Since waterflooding was initiated in 1966, oil 
production has exceeded original primary 
production estimates by almost 930,000 
barrels. 

INTRODUCTION 
The West Branch Field is located in parts of Ogemaw, 
Horton, Churchill, West Branch, and Mills townships, 
Ogemaw County.  The field was discovered in 1934 and 
was found to contain reservoirs in four rock units. 

Primary production is from the Dundee Limestone of 
Middle Devonian age.  In the West Branch Field, the 
Dundee is found at a depth of approximately 2,500 feet 
and averages 300 feet in thickness.  Pay zones are 
found 10, 100, and 140-150 feet below the top of the 
Dundee.  The average total thickness of the pay zones is 
20-30 feet. 

In 1938 production was established in rocks of the “sour 
zone” in the Detroit River Group of Lower Middle 
Devonian age.  The discovery well was the T. F. 
Caldwell No. 9 State-Mills (P.N. 5421), located in 
Section 6, T.21N., R.3E.  The reservoir rocks are a 
sequence of evaporites, dolomites, and limestones 
immediately underlying the Dundee Limestone.  The pay 
zone is found at a depth of about 3,650 feet and 
averages less than 10 feet in thickness.  At present, 32 
wells in the West Branch Field produce from this zone.  
These wells are confined to the northwest and southeast 
portions of the field. 

Sweet crude production from the Richfield Member of 
the Detroit River Group (approximately 500 feet deeper 
than the “sour zone”) was established in 1952 with the 
completion of the Ogma Development Company No. 1 
Weiler (P.N. 17596).  This well is located in Section 14, 
T.22N., R.1E.  Twenty-eight wells in the West Branch 
Field are presently producing from this zone. 

Shows of oil and gas have also been reported from 
Traverse Group limestones, found at a depth of 
approximately 1,700 feet.  The productive zone is found 
some 100 feet below the top of the Traverse Group.  
Two wells in the West Branch Field are now producing 
from Traverse Group rocks. 

ROGERS CITY - DUNDEE 
LIMESTONE RESERVOIR ROCKS 

The Dundee Limestone was originally defined to include 
the limestones and dolomites between the base of the 
Traverse Group and the top of the underlying Detroit 
River Group.  On the basis of brachiopod, gastropod, 
and pelecypod fossils, Ehlers and Radabaugh (1939) 
aivided the Dundee into two formations.  The name 
Rogers City Limestone was proposed for the upper 
division and the name Dundee Limestone was retained 
for the lower section.  Many geologists have since 
adopted these formation names (e.g., Cohee and 
Underwood 1945, and Tinkelpaugh 1957). 

Tinkelpaugh (1957) describes the Dundee Limestone as 
buff to light brown, becoming more dolomitic and 
anhydritic in western Michigan.  She further 
characterizes the Dundee Limestone in the eastern and 
northeastern part of the Michigan basin as a marine 
limestone with oolites and stylolites and “a more varied 
fauna in the peripheral areas.”  The Rogers City 
Limestone is described as a dark brown to buff dolomitic 
limestone or dolomite and “A predominantly fossiliferous, 
marine limestone altered locally to dolomite.”  Cohee 
and Underwood (1945) and Tinkelpaugh (1957) agree 
that the Rogers City Limestone overlays the Dundee 
Limestone in the northern two-thirds of the southern 
peninsula of Michigan, but that both formations are 
absent in the southwestern corner of the state. 

Most of the Rogers City - Dundee structures contain 
dolomite along with associated porosity.  Tinkelpaugh 
(1957) stated that “it would appear, from statistical 
evidence, that there is a direct relationship between the 
magnitude of structure and the degree of dolomitization.” 

Many theories have been advanced to explain the 
amount of intercrystalline porosity and permeability 
associated wth secondary dolomitization.  One of the 
first theories of dolomitization was put forth by Beaumont 
in 1836.  Beaumont stated that the replacement of 
calcite (CaCO3) by dolomite (Ca,MG(CO3)2) would cause 
a “volume shrinkage” of about twelve percent.  
Considerable laboratory data, both chemical and 
physical, support this theory, but Landes (1946) and 
others maintain that there is a lack of field evidence. 
Landes (1946) stated: 

that local diastophism has produced master 
fissures in the limestone-containing section; 
than an artesian circulation has been 
developed which has carried waters through 
deeper dolomites and up into the limestone; 
and that these waters have replaced some of 
the limestone by dolomites that is locally 
porous where there was an excess of solution 
over precipitation during the replacement 
process.” 



The two main theories of secondary dolomitization (and 
its accompanying porosity) can be stated as follows: 

1.  Chemical replacement of Ca++ by Mg++ in 
the carbonate molecule itself: 

 
2.  Physical solution of the more soluble calcite 

and replacement by dolomite. 

Dundee Formation dolomite in the far western part of the 
southern peninsula is believed to be primary and related 
to near-shore environmental and/or seepage reflux 
conditions (Gardner, 1974). 

Most of the oil produced from the Rogers City - Dundee 
Formations is found in anticlinal domes in the central 
part of the southern peninsula.  These anticlines, along 
with most of the central basin fold structures, appeared 
in Late Mississippian times (Dorr and Eschman, 1971) 
during one of the most important periods of folding and 
uplift in the Michigan basin (Cohee, 1965).  The types of 
porosity found in these structures range from “solution 
cavities or fossiliferous zones” (Newman, 1936) to 
porosity associated with secondary dolomitization.  
Producing zones within the Rogers City - Dundee 
formations vary in depth from field to field, occurring 
anywhere from immediately below the Bell Shale (as in 
the Cat Creek Field, Osceola County) down to the 
inferred contact between the Rogers City and Dundee 
Limestones in the West Branch Field, Ogemaw County.  
Within a given productive interval, there may be several 
more porous zones, often called “pays”.  Wells are 
completed in these zones.  Although the porous zones 
may be separate within a given well, the pays seem to 
be connected wthin a given field. 

Most of the Rogers City - Dundee fields have an efficient 
natural water-drive system to maintain reservoir 
pressure (Michigan Basin Geological Society, 1968).  
Hydrogen sulfide is not usually present, althouth an H2S 
concentration of 25 grains/100 standard cubic feet is 
reported from the Falmouth Field in Missaukee County.  
The average A.P.I, gravity of the crude is 43°.  To date 
the Rogers City - Dundee reservoirs have been the most 
prolific sources of hydrocarbons in the state of Michigan.  
Through 1979 a total of 346,513,811 barrels of oil and 
49,514,891,000 cubic feet of gas has been produced 
from these rocks.  These figures include production from 
the Reed City zone, which is believed by some 
geologists to be part of the Detroit River Group. 

GENERAL WEST BRANCH FIELD 
HISTORY 

The West Branch Field was discovered in the mid-
1930’s by the Ohio Oil Company.  The No. 1 Mary Fisk 
(P.N. 1848) was completed on March 8, 1934, in Section 
27 of West Branch Township, Ogemaw County.  The 
well was drilled to a depth of 2,807 feet and was plugged 
back to 2,700 feet.  Natural initial production was 21 
barrels of oil per day. 

Development of the field proceeded on ten-acre spacing, 
with the wells located in the centers of governmental-
surveyed quarter-quarter-quarter sections.  Drilling by 
the Ohio Oil Company and several independent 
producers extended the field to the southeast into 
Section 6, T.21N., R.3E., Mills Township, and to the 
northwest into Sections 23 and 24, T.22N., R.1E., 
Ogemaw Township. 

 
Table 1.  Principal oil and gas pays and informal terms used in 

petroleum exploration applied to parts of formations or 
groups of formations in the subsurface of the 
Michigan Basin. 
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By 1963, declining oil production rates lead the now 
Marathon Oil Company to conduct air and water 
injectivity tests to determine whether the Dundee 
Formation could be successfully waterflooded.  The 
positive results of these tests lead to the establishment 
of a successful pilot waterflood project. 

In 1965, Marathon Oil Company and Henry Sappington 
petitioned the Supervisor of Wells to order the unitization 
of Sections 34 and 35, portions of Sections 21, 26, 28, 
33, and 36 of T.22N., R.2E., and Section 2, T.21N., 
R.2E.  The order granting unitization was signed in 
January, 1966 and the full-scale waterflood began. 
Waterflooding was conducted on ten-acre spacing 
utilizing a five-spot pattern. 

Initial recoverable oil in the unitized area of the West 
Branch Field was estimated at 4,000,000 barrels.  This 
production figure was attained in 1977.  Since that time, 
approximately 930,000 barrels of oil attributable to 
secondary recovery have been produced. 

In 1978, unitization was ordered for portions of Sections 
28 and 29, T.22N., R.2E., to allow Muskegon 
Development Company to waterflood that portion of the 
reservoir.  At the time of this writing, no secondary 
recovery operations were underway in the so-called 
West Branch 28 Unit. 

 
Figure 2.  Structure of the West Branch Field contoured on the 
top of the Dundee Formation 

Data Sheet No. 1 

West Branch Field Dundee 
Waterflood Project 

GENERAL POOL DATA 

Location Ogemaw County
Date of pool discovery March 23, 1934

Discovery Well 
Ohio Oil Company, Fisk 

#1, PN 1848 

Producing formation Dundee 
Pay lithology Dolomitized limestone
Type of trap Anticline

Drilled acres 2,750 
Unit acres 2,730 
Reservoir acre, 

estimated acres 1,870 

ENGINEERING DATA 

Type of reservoir energy Solution gas drive
Original reservoir pressure 650-750 psi
Reservoir temperature 85°F 
Viscosity of original 

reservoir oil 9 cp 

Bubble point pressure NA 
Formation volume factor 1.05 
API oil gravity 34° 
Original solution gas-oil 

ratio NA 

Average porosity 10.5% 
Average permeability 4 md 
Connate water, estimated 30% 
Net oil pay thickness 28 ft 
Acre-feet of oil pay 47,600 

RECOVERABLE HYDROCARBON DATA 

Estimated original stock-
tank oil in place 26,370,400 bbl 

Estimated original 
recoverable stock-tank 
oil 4,000,000 bbl 

Calculated recoverable 
stock-tank oil per acre-
foot 84 bbl 

Original gas in solution  

Estimated original 
recoverable gas  

Estimated additional 
recoverable oil due to 
secondary recovery 
methods 2,250,000 bbl 

Secondary Recovery Report No. 8 – West Branch Field Dundee Oil Pool – Page 4 of 6 



 
[Figure 3.  Oil Production from the West Branch Field] 

 
[Figure 4.  Water production from the West Branch Field] 

 
Table 1.  Oil and Water Production for the West Branch Field.  
Oil and Water Figures are shown in Barrels. 

 
Figure 5.  Water injected into the West Branch Field to 
enhance oil and gas recovery 
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Table 2.  Water Injection Data for the West Branch Field. 
Water Injected is shown in Barrels. 
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