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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Gov-
ernment. Neither the United States Government nor any agency thereof, nor any of their employ-
ees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product or process dis-
closed, or represents that its use would not infringe on any privately owned rights. Reference 
herein to any specific commercial product, process, or service by trade name, trademark, manu-
facturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation 
or favoring by the United States Government nor any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United States Government.
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ABSTRACT

The principal objective of the study was to test a new analytical technique, Solid-Phase Microex-
traction (SPME), for detecting trace amounts of light hydrocarbons in pore gases as a means of
reducing risk in hydrocarbon exploration and production.  This involved measuring the effective-
ness of SPME to extract hydrocarbons under controlled conditions in the laboratory.  As part of
the study, a field demonstration was undertaken to assess the validity and usefulness of the labora-
tory results.

Presented in this quarterly report is the condensed version of the Case History and Well Summary
for the Bear Lake area in Manistee County, Michigan. The full version will be in the annual
report. The condensed case history presents the important technical details regarding the
geochemistry and horizontal lateral for Bear Lake, as well as the field demonstration results and
the applicability of these results to other demonstration projects.  This format could be duplicated
for other demonstration projects and will be used on all subsequent field demonstrations as they
near completion.
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LIST OF GRAPHICAL MATERIALS

Figure 1. Location map of the Bear Lake survey area relative to similar Class Revisit geochemical 
sampling programs in the basin.

Figure 2. Detailed map of Bear Lake survey area, sample locations, producing wells and dry 
holes.

Figure 3. Generalized stratigraphic column for Michigan Basin.

Figure 4. Combined isopach and isotime map showing thickness of the interval from the A-2 Car-
bonate to the Brown Niagaran horizons (Courtesy of Jordan Exploration, LLC).  Thin areas on the 
isopach map represent the probable location of pinnacle reefs.

Figure 5. Contour plot of Bear Lake SPME propane data; dark areas denote lows, light areas are 
high, the pinnacle reefs are outlined in black.

Figure 6. Contour plot of Bear Lake SPME Butane data; dark areas denote lows, light areas are 
high, the pinnacle reefs are outlined in black.

Figure 7. Contour plot of Bear Lake SPME pentane data; dark areas denote lows, light areas are 
high, the pinnacle reefs are outlined in black.

Figure 8. Contour plot of Bear Lake SPME hexane data; dark areas denote lows, light areas are 
high, the pinnacle reefs are outlined in black. 

Figure 9. Contour plot of Bear Lake MOST microbial data; dark areas denote lows, light areas are 
high, the pinnacle reefs are outlined in black.
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1.0  EXECUTIVE SUMMARY

Goals and Results

The goals of this project were to: (1) test the use of multi-lateral wells to recover bypassed hydro-
carbons and (2) to access the potential of using surface geochemistry to reduce drilling risk.  Solid
phase microextraction and microbial geochemical surveys were successfully recorded in the Bear
Lake area in Manistee County, Michigan. 

An extensive geochemical survey that originated in the vicinity of Vernon Field, Isabella County,
Michigan has been expanded into Manistee County, Michigan, and has expanded the database for
interpretation of geochemical anomalies in Michigan. Solid phase microextraction geochemical
anomalies appear to support seismic anomalies in the Bear Lake area. 

New Findings

After the geochemical survey in the Bear Lake area was recorded, a Michigan Basin operator
(Federated Oil and Gas) re-entered the vertical Charlich-Fauble well in Section 9 and drilled a
horizontal lateral approximately 550 feet toward the southwest. The target reservoir was a Niaga-
ran reef that had been delineated using seismic and subsurface data without input or knowledge of
the results of the geochemical survey. The solid phase microextraction and microbial geochemical
surveys indicate anomalies in the vicinity of the path of this lateral well.  The well was successful
and is flowing oil from the target Niagaran reef at the rate of 200 barrels of oil per day with zero
water and 110 MCF of gas with a GOR of 500; the gas is 1450 btu with a specific gravity of
0.143.  The original reservoir pressure was 1739 psi and had dropped only 113 psi after 9,000 bar-
rels of oil production. We will monitor the positive results from this well in subsequent quarters

Lessons Learned

The Bear Lake geochemical survey has provided us with several lessons, the most important
being that in the Niagaran reef trend, a very fine sampling grid on the order of 100 feet by 100 feet
may be required to identify the aerial extent of the small reefs. It has also been observed that this
sampling density is approximately the same as the sampling density of 2-D seismic lines.  By col-
lecting the geochemical surveys at the same sampling density as the seismic data available across
these reefs, it will be possible to more exactly make comparisons between the anomalies inter-
preted from the different data types. It may also be possible to record future geochemical surveys
along the paths of the seismic lines (2-D or 3-D) resulting in improved comparisons between the
different data types.

An additional lesson is that geochemical surveys, particularly sold phase microextraction, are
worthwhile in the Niagaran trend. Solid phase microextraction surveys are relatively inexpensive
and in this case appeared to provide reliable guides to the presence or absence of hydrocarbons. 

Finally, we will be able to use the results from a well, the Charlich-Fauble, not initially specified
for this project, to support the results of our geochemical survey, thus adding value to the demon-
stration project.
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Applications

The results of the Bear Lake area geochemical survey and resulting apparently successful lateral
well can be applied to other carbonate reservoirs worldwide. In particular, the application of
appropriate surface geochemistry surveys seems warranted based on the work done here, as well
as the advice to record the surveys at the same grid density as complimentary seismic data.

The shallow-shelf and reef carbonates in the Permian Basin, the mid-continent, and Rocky Moun-
tains (e.g. Williston basin) are logical targets for application of these techniques. 

Did Data Support Project or Not?

The surface geochemistry data did support the project quite well: it predicted that the demonstra-
tion well would likely encounter hydrocarbons. In other words, the geochemistry showed strong
anomalies that would justify drilling on the basis of that data alone and even more so in conjunc-
tion with the seismic and subsurface well data. 

The demonstration wells again showed the value of the lateral re-entry well in these situations. 

Future Work

More geochemical work will be done in conjunction with further field demonstrations as part of
this project. 

New demonstration wells are planned for North Dakota to test the Duperow Formation, as well as
one in Michigan to test the pinnacle reef play in another area. Preliminary results using both the
SPME and the microbial techniques show good anomaly patterns for the Silurian Niagaran reefs.

Should Something Else Have Been Done?

The geochemical survey should have been recorded at greater sample density (100 x 100 feet) to
better resolve the small pinnacle reefs.  In addition, the survey should have been extended to the
south and west at least one-half mile.  However, this extension observation is based on 20-20
hindsight or the apparent success of the Charlich-Fauble lateral.  The original subsurface and seis-
mic interpretation that was used to guide the location of the geochemical survey was different
than the interpretation used by the operator who ultimately re-entered the well.
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2.0  EXPERIMENTAL

DOE Field Demonstration Case History and Well Summary:
Bear Lake Area, Manistee County, Michigan

A surface geochemistry program was undertaken in the Bear Lake area in order to discover if
geochemical anomalies were associated with the Niagaran production in the area (Figure 1 shows
the location of this survey relative to similar Class Revisit geochemical sampling programs in the
basin; Figure 2 shows the Bear Lake survey area and sample locations) (Seaman, 2003).  The sur-
vey was designed to examine two different geochemical techniques: solid-phase microextraction
(SPME) that measures the concentration of C1-C6 hydrocarbons in the headspace gas of near-sur-
face soil, and microbial oil surveying technique (MOST) that measures the hydrocarbon gases or
hydrocarbon indicators at the ground surface.

2.1  Sampling Program

Throughout this project, the field locations were sampled with both the soil gas technique that is
being tested with this study, and Geo-Microbial Technologies' MOST microbial method to com-
pare and contrast against the SPME technique.  In order to accurately delineate anomalies associ-
ated with Niagaran pinnacle reefs, which have a relatively small areal extent a sampling grid
spacing of 200 meters was chosen. 

2.2  Sample collection 

SPME Samples were taken at approximately 1-meter depth using a cordless power drill with a 1-
inch auger bit to drill down 1 meter.  A core was then manually taken using a soil-coring tool with
a 4-foot handle.  The sample core was then quickly placed into 125 ml glass sample jars with a
septum in the lid and sealed.  The sample jars were filled to the point that there was just enough
room for the SPME fiber to fit in the headspace during extraction, approximately 2/3 full.  Micro-
bial samples were taken according to the instructions of Geo-Microbial Technologies (Ochelata,
Oklahoma). 

These soil samples were taken with a shovel at an average depth of 8 inches and placed into paper
bags with roll-down tops that were provided by GMT.  The samples consisted of approximately 4
ounces of soil.  Immediately after collection the samples were shipped overnight to GMT for anal-
ysis of butane-consuming microbes.

2.3  Analytical Procedures

2.3.1  Solid-phase microextraction (SPME)

The soil samples were kept on ice during transportation from the field to the laboratory to reduce
the amount of microbial activity within the sample jars.  The samples were then brought up to
room temperature prior to analysis.  The samples were manually shaken very briefly to break up
DE-FC26-00BC15122 8 Michigan Technological University



the soil and laid on their side for SPME extraction.  The septum on the sample jars was too thick
for the blunt SPME needle to puncture without bending and destroying the fiber, so the septum
was first pierced with a sharp syringe needle.  The analyst then pushed the SPME needle past the
septum that seals the sample vial and depressed the plunger, exposing the fiber to the headspace
above the sample.  The hydrocarbon analytes adsorbed to the coating on the fiber.  After 10 min-
utes of exposure to the headspace gas the fiber is drawn back into the hollow needle, and the nee-
dle is removed from the sample vial.  Finally, the needle is inserted through the septum in the gas
chromatograph injector port.  The adsorbed analytes are then thermally desorbed and brought to
the gas chromatograph column via the carrier gas.

2.3.2  MOST

After receiving the soil samples, Geo-Microbial Technologies incubates the soil samples for one
week in agar gel.  Microorganisms tolerant to butanol are then selectively counted.  The theory is
that butane-consuming or butanol-resistant bacteria indicate hydrocarbon microseepage.  As
butane (and other hydrocarbons) migrates up through the soil, microorganisms will oxidize it,
leaving butanol.  In areas of high hydrocarbon seepage, the number of butanol resistant microbes
is elevated.  The number provided in GMT's laboratory report corresponds to the number of colo-
nies of butane-oxidizing microbes that have grown in the laboratory on a Petri dish after seven
days of incubation.  Three separate dishes, or plates, are prepared for each soil sample; each is
counted and the number reported is the average of the three plates (Schumacher, 2002). 

2.3.3  Analytical Equipment 

Analyses were carried out with a SRI 8610c gas chromatograph (GC) equipped with a flame ion-
ization detector (FID) and hydrogen as carrier gas.  Air for the FID combustion was supplied via a
built-in air compressor on the 8610c.  A Varian Chrompack CP7348, 25m long x 0.25mm in
diameter Porabond Q fused silica capillary column was used as the stationary phase.  Samples
were injected via the SPME sampler into a heated injection port held at 250 C.  The standard
injection port liner was replaced with a narrow bore (0.75mm) injection port sleeve to sharpen the
peaks from the SPME techniques.  The column oven was programmed to begin holding at 30 C
for 5 minutes and then ramp at a rate of 10 C/min until it reached 200 C and was held there for and
additional 5 minutes.  Analyses were performed in the laboratory to a large extent and in the field
to a small extent in order to determine the shelf life of the collected soil samples.  In the laboratory
the carrier and flame gas was supplied through compressed gas in tanks, in the field, the gas chro-
matograph was set up in the hotel with a SRI hydrogen generator producing the gas.  Data acqui-
sition and analysis was done with SRI's PeakSimple  software.  

2.3.4  Calibration of Equipment

The laboratory equipment was calibrated using a standardized gas mixture of methane, ethane,
propane, N-butane, N-pentane, and N-hexane.  In the test gas mixture, each gas was present at
1000 ppm by mole.  The test gas mixture was analyzed several times with the SPME fiber to
determine the retention time for each individual hydrocarbon gas.  The analyte adsorption and
desorbtion was then varied to determine the optimum analysis procedures.  The temperature pro-
gram for the gas chromatograph's column oven also needed to be optimized for both speed of
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analysis and separation of the analytes in question.  The test gas was then mixed with air to make
mixtures of gases with analyte concentrations less than 1000 ppm.  Mixtures with several differ-
ent concentrations were analyzed with the gas chromatograph to calibrate the instrument so that
retention areas could be converted to concentrations in parts per million.  The retention areas
turned out to be roughly linearly proportional to ppm concentrations.  In this project, the actual
concentration of hydrocarbons measured is not significant, but the proportion of one to another is
very significant.  When retention areas are converted over to ppm concentrations, some interpola-
tion is required.  In this study, to keep analytical error to a minimum, retention areas are used in
the place of concentrations to compare one sample to another.
DE-FC26-00BC15122 10 Michigan Technological University



3.0  RESULTS AND DISCUSSION

DOE Field Demonstration Case History and Well Summary:
BEAR LAKE AREA, Manistee County, Michigan

3.1  SUMMARY

As part of the Class Revisit Program, a university-industry-DOE consortium collected surface and
near surface soil samples in the Bear Lake area of Manistee County, Michigan for geochemical
analysis.  This study was carried out in cooperation with Jordan Exploration Company, LLC, in
Traverse City, Michigan.  This study evaluates a new surface geochemical technique for petro-
leum exploration.  The technique uses Solid-Phase Microextraction (SPME) to determine the con-
centration of low-molecular weight hydrocarbons, C1 - C6, in the headspace gas of near-surface
soil.  The method was designed to be a fast, inexpensive, and accurate exploration tool to quickly
delineate areas for further investigation.  The technique was tested via a field study over a known
producing field located near Bear Lake in Manistee County, Michigan.  The SPME results were
compared to a simultaneous survey using a Microbial Oil Surveying Technique (MOST), a pro-
prietary technique owned by Geo-Microbial Technologies (GMT) in Ochelata, Oklahoma.  The
MOST technique was developed by Phillips Petroleum over 30 years ago and for the past 14 years
has been available to industry through Geo-Microbial Technologies.  The SPME anomalies were
also compared to reservoir locations as determined from seismic and well logs.  In general the
results indicate that the SPME technique has significant potential for reducing risk in petroleum
exploration.

3.2  RESERVOIR PROPERTIES

In this part of the Michigan Basin, there are several different formations known to be good reser-
voirs.  The geologic targets for this study were the Silurian (Niagaran) pinnacle reefs.  Figure 3
shows the location of the Silurian in the stratigraphic column for the Michigan Basin.  Although
there are other producing horizons stratigraphically above the Silurian reefs, these reservoirs have
been producing for many years and are emptied to the point due to pressure reduction where they
are no longer creating surface geochemical signatures.

The northern part of the pinnacle reef belt is 10-20 miles wide and extends for more than 100
miles in a northeast-southwest direction (Caughlin and others 1976).  The individual reefs range
from less than 1/10 of a square mile to one square mile in areal extent, and average approximately
0.2 mi2 (Caughlin and others, 1976; Sears and Lucia, 1979).  

Michigan Basin pinnacle reef reservoirs are complex and variable, both locally and on a regional
scale, but are generally high quality reservoirs.  Producing pinnacle reefs have porosities ranging
from 3 to 37 percent, averaging 6 percent and permeabilities that range from near zero up to more
than 1000 millidarcies (mD), averaging 11 to 12 mD (Friedman and Kopaska-Merkel, 1991).
Typical Niagaran pinnacle reef oil gravities are 38u to 50u API averaging about 43u.  Gas fields
can carry condensate, averaging around 76 NGL/MMCFG.  Associated-dissolved gas to oil ratios
DE-FC26-00BC15122 11 Michigan Technological University



commonly range from about 300 to 20,000 CF/bbl and average about 2,000 CF/bbl (Dolton,
1995).

3.3  BEAR LAKE AREA

In order to test the SPME method, information on the subsurface was obtained from Jordan
Exploration in the form of seismic lines and isopach maps.  An isopach map (Figure 4) between
the A-2 Carbonate and the Brown Niagaran was created from well logs and 2-D seismic lines.
This isopach map illustrates where the individual pinnacle reefs are believed to be located.
GEOCHEMICAL 

3.3.1  Site Specific Micro Extraction (SPME) fiber

Figure 5 shows a contour plot of SPME propane abundance.  The SPME abundance contours
show what could be interpreted as a halo anomaly around the reef in section 9, the values directly
over the reef are very low, but there are several positive anomalies surrounding the low values.
The SPME values over the reef in section 4 are rather high, in contrast to the halo anomaly in sec-
tion 9.  

Figure 6  is a contour plot of the SPME butane data.  This plot looks very similar to the propane
plot.  With the butane data there is a large positive anomaly over the pinnacle reef in section 4,
and what could possibly be a halo anomaly over the reef in section 9.  The data for the halo anom-
aly in this plot is sparse and set back away from the edges of the reef.

The pentane contour plot (Figure 7) is similar to the butane plot.  In this plot the reef in section 9
forms a strong halo anomaly at the surface, while the reef in section 4 is beneath only a mildly
positive surface anomaly.  One thing found in the pentane plot that isn't found in the butane plot is
a large positive anomaly over the reef in the northeast corner of section 8.  Once again, the reef in
the southwest part of section 3 appears to have no bearing on the surface hydrocarbon concentra-
tions.  

Figure 8  is a contour plot of hexane abundance over the surveyed area.  The hexane data are dif-
ferent from the other data sets in that the largest positive anomalies are associated with the reefs in
section 4 and section 8.  There is again what appears to be a halo anomaly around the reef in sec-
tion 9; however, it is much weaker than the pentane halo anomaly.  Another difference with the
hexane plot is that there is a weak positive anomaly situated over the pinnacle reef in section 3.  

The hydrocarbon contour plots of SPME data indicate that there are elevated values of hydrocar-
bons in the surface soils above the pinnacle reef reservoirs.  The elevated concentrations of hydro-
carbons can be fairly easily distinguished from the local background values as anomalies.  These
anomalies indicate hydrocarbon migration from subsurface reservoirs. 

3.3.2  Microbial 

Figure 9 shows the microbial results obtained from Geo-Microbial Technologies.  The plot shows
several anomalies scattered across the surveyed area.  The pinnacle reefs located in section 8 and
DE-FC26-00BC15122 12 Michigan Technological University



section 3 do not appear to show any correlation between the microbial results and the reservoirs'
location.  However, the reefs located in sections 4 and 9 appear to possibly combine to form a
strong positive anomaly.  The anomaly may be due to either one or both of these two pinnacle
reefs, but with it sitting right between the two, it is difficult to determine.  There are several other
anomalies on the plot; it is unclear what is causing these.

When Jordan Exploration received the early microbial results, the large anomaly on the border
between sections 4 and 9 prompted them to take another look at the seismic data and change their
original placement of the reef in section 4.  They later decided the reservoir volume was too small
to be economically feasible.

3.3.3  Geochemical Conclusions

There is hydrocarbon microseepage from the Niagaran reservoirs in the Bear Lake area that is
detectable by surface soil geochemical techniques. SPME and microbial data show several pro-
nounced anomalies over the area. Both geochemical data types suggest good potential for by-
passed oil especially when the geochemical results are linked and interpreted in the context of the
subsurface and seismic data.

3.4  WELL DETAILS - CHARLICH-FAUBLE 2-9HD1

3.4.1  Overview & Prospect Background

A surface geochemical profile over the structure in section 9 produced a strong positive anomaly,
suggesting the presence of hydrocarbons.  Although Jordan Exploration did not drill the structure
in section 9, another company, Federated Oil and Gas, did decide to drill and test the structure
(under no influence by this study or Jordan Exploration).  Federated Oil and Gas (verbal commu-
nication) indicated that the decision to drill was made for the most part off of good well control,
and to a lesser extent, seismic data.

3.4.2  Location

The Charlich-Fauble 2-9 original vertical well bore (permit number 48113) is located in the 1790
feet FSL and 1740 feet FWL (NW, SE, SW quarter), section 9, 23N, 15W, Bear Lake Township,
Manistee County, Michigan.

3.4.3  Drilling and Casing history & Horizontal lateral

The well, the Charlich-Fauble 2-9HD, is a re-entry and sidetrack lateral of the original, pre-exist-
ing well, the Charlich-Fauble 2-9 (permit number 48113).  Federated Oil and Gas reentered the
well bore, set a plug at 4550 feet, drilled through the casing, turned a 90 angle, and drilled approx-
imately 550 feet through the A-1 carbonate and Brown Niagaran.  The last 100 feet of the lateral
entered the Brown Niagaran reef.  Because the well was overbalanced upon drilling into the reef,
returns and circulation were lost.  The well finished drilling on November 11th, 2002; the esti-
mated bottom hole location for the lateral filed with the State of Michigan Department of Envi-
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ronmental Quality was 800 feet FSL and 1300 feet FEL of the original surface location.  Tubing
was run in the well and the well was swabbed in flowing.  Stabilized production as of March 30th,
2003 was 200 barrels of oil per day, with zero water and 110 MCF of gas.  GOR is 500 with a gas
specific gravity of 0.143.  Initial bottom hole pressure was 1749 psi. A second bottom hole pres-
sure taken after approximately 9000 barrels of oil had been produced was 1636 psi.

3.4.4  Open hole testing, coring, mudlogging, and logging

Federated Oil and Gas' drilling manager (personal communication) indicated that the well would
be completed for production since live oil and gas shows and moveable hydrocarbons were
present.  This is very significant because it confirms the surface geochemical prediction that suffi-
cient hydrocarbons to produce a geochemical anomaly were present in this reef. 

No drill stem testing or coring was performed in this well. A mudlog was recorded in the lateral
and included data on sample lithology, hydrocarbon shows, and gas in the mud but is unavailable
from the operator at this time. It is unknown at this time whether wireline logs were run in the lat-
eral.

3.4.5  Completion

Details for the completion for the Charlich-Fauble will be included in a subsequent report as they 
become available.
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4.0  CONCLUSION

DOE Field Demonstration Case History and Well Summary:
BEAR LAKE AREA, Manistee County, Michigan

The main conclusions and relevancy of this field demonstration are:

1. Trace amounts of light hydrocarbons can be quantitatively detected by SPME technology;

2. The laboratory results are reproducible for duplicate samples, resampled over short time 
intervals, but not necessarily for site resamples with long times (e.g. months) between 
samplings;

3. SPME field results (anomalies) are not always directly comparable with results from other 
surface geochemical techniques, particularly microbial results;

4. By statistically separating anomalies from background values and creating bubble plots of 
the anomalies, the data are easier to interpret;

5. SPME data suggests that light hydrocarbons are migrating up from pinnacle reef reser-
voirs studied, and fair-to-good anomalies can be mapped, particularly for the C3-C6 
hydrocarbons;

6. Some interference due to shallower reservoir formations may be confusing to the interpre-
tation;

7. In the Bear Lake area, the SPME method was able to determine that accumulations of 
hydrocarbons were present, but was unable to distinguish between individual reservoirs, 
possibly due to the extremely close reservoir spacing or possibly because the geochemical 
survey sampling grid was too coarse;

8. SPME surveys are inexpensive but appear capable to detect hydrocarbon anomalies over 
oil and gas fields.  With further work, the SPME tool could become a functional technique 
for gas and oil exploration in many petroleum provinces.
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Figure 1. Location map of the Bear Lake survey area relative to similar Class Revisit geochem-
ical sampling programs in the basin.
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Figure 2. Detailed map of Bear Lake survey area, sample locations, producing wells and dry 
holes. 
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Figure 3.  Generalized stratigraphic column for Michigan Basin.

PERIOD EPOCH SEQUENCE Rock Groups Formations Lithology
QUATERNARY Red Beds
JURASSIC Grand  River Fm.

LATE Saginaw Fm.
EARLY Bayport Ls.

Michigan
Marshall Fm.
Coldwater Sh.
Ellsworth Sh (W.)
Antrim Sh. (E. )

LATE Squaw Bay Ls
Alpena Ls
Bell Sh
Rogers  City Ls
Dundee Ls
Lucas Fm.
Amherstburg Fm.
Bois Blanc Fm.
Garden Island Fm.

G Unit
F Evaporites
E Unit
D Evaporite
C Unit
B Evaporite
A-2 Carbonate
A-2 Evaporite
A-1 Carbonate
A-1 Evaporite
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Figure 4.  Combined isopach and isotime map showing thickness of the interval from the A-2 
Carbonate to the Brown Niagaran horizons (Courtesy of Jordan Exploration, LLC).  Thin areas 
on the isopach map represent the probable location of pinnacle reefs.
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