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ABSTRACT

Pyrochromatographic analyses were performed on samples of Antrim

shale from 35 wells and nine outcrops in the Michigan Basin. Hydro-

carbon components from C
5 to c30

were measured. The majority of the

analyses indicate the Antrim to be potentially  gas productive.

The total hydrocarbon count for each well was divided by the

number of samples analyzed to obtain the average hydrocarbon count

per sample. Hydrocarbon counts per sample generally increase with

depth and toward the center of the Michigan Basin.

A bar graph for each well, showing the total hydrocarbon count

for each sample, by depth, was plotted and compared  with the gamma

ray log. A correlation coefficient of 0.696 between increased hydro-

carbon counts and increased radioactivity was calculated based on data

from five wells.
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DISCUSSION

INTRODUCTION

This report is concerned with the pyrochromatographic analysis of

residual hydrocarbons in the Antrim shale, specifically to determine

what type of hydrocarbon may be produced; to investigate relationship

of gamma ray logs to hydrocarbon enrichment and to determine trends

of hydrocarbon content areally and stratigraphically.

Data made available for this study are summarized in Table I.

Thirty five wells listed have pyrochromatographic analyses. One hun-

dred and fourteen core samples were available from four wells and 549

cuttings samples from the remaining 31 wells. These samples were

analyzed in our Mt. Pleasant, Michigan laboratories. Individual reports

on each well analysis were sent to Dow Chemical U.S.A. during the

course of the laboratory work. In addition, pyrochromatographic analy-

ses were run on nine outcrop samples of Antrim shale. Well logs were

available for 35 wells, including mainly radioactivity logs; with some

electric and mud logs. Only the gamma ray curve was considered in

this study as it was available for the majority of wells with pyrochro-

matographic data.

PYROCHROMATOGRAPHIC ANALYSIS

Pyrochromatography is basically the chromatographic analysis of

the residual hydrocarbon components retained in drill cuttings or core

chips, as discussed by M. Maness and J. G. W. Price’. The analyses

data are used to determine the type of hydrocarbons,  that can be

expected to be produced from a reservoir. The concept is based on

the premise that petroleum hydrocarbons that can, will escape from drill

cuttings during flushing and pressure reduction associated  with drilling

operations, that portions of those hydrocarbons that cannot readily

escape will remain in the samples, and that the concentration and car-

bon number distribution of these hydrocarbons can be determined by

gas chromatography.
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The general procedure is as follows: samples are washed free of

drilling mud and marked by drill depth at the wellsite; at the lab-

oratory samples are crushed, washed, screened for uniformity and then

dried at room temperature. A specific volume of sample is measured

and put into a test vessel  which is placed into a low, dead volume

pyrolysis unit which is coupled to a gas chromatograph. The hydro-

carbons in the samples are swept by chromatographic carrier gas into

the gas chromatograph  column to separate  hydrocarbons into the various

components. The areas of peaks produced by material eluted from the

gas chromatograph  are calculated by an electronic computing integrator

and expressed in units of microvolt seconds, referred to in this report

as hydrocarbon counts. Hydrocarbons are detected and grouped by

carbon number from C5 to C30, or the last measurable carbon number.

The percent hydrocarbon component  with respect to total hydrocarbon

count is computed. The results of the analysis yield total and normal

hydrocarbon count. Economic  type hydrocarbons are not confined to

the normal or straight chained hydrocarbons,  therefore, this report

deals only with the total hydrocarbon counts. Measured data are plot-

ted on bar graphs showing the total hydrocarbon count expressed in

units of microvolt seconds (MVS) for each sampled increment. Bar

graphs from each well sampled and of the nine surface samples are in-

cluded in the Appendix to this report. Data are then plotted as cumu-

lative percent of each hydrocarbon component  and can be used to

determine the type of hydrocarbon,  oil or gas, which may be produced

and to predict the permeability of the formation. Fig. 1 illustrates the

ideal cumulative percent curves for non-productive, oil-productive, and

gas-productive formations. Analysis of a non-productive formation

ideally yields a low total hydrocarbon count, a high concentration of

light components, C5 to C,o, illustrated by the steep slope of the curve

in that interval and an abbreviated range of hydrocarbon components

indicating productive type hydrocarbons were not originally present in

the formation. Analysis of a gas-productive formation results in a

higher total hydrocarbon count, and a steep curve slope over the

intermediate range of hydrocarbons indicating a high concentration of

c1o to '18 components. The curve resulting from analysis of an oif-

productive  formation exhibits a high concentration of intermediate com-
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ponents, a low concentration of light components with a relatively high

concentration of heavy components, C18+, and the analysis yields a

high total hydrocarbon count.

The cumulative percent curves may also be used to infer permea-

bility. Low permeability may be indicated by a high concentration of

light components along with a wide range of components. Light com-

ponents would be the most likely to escape; therefore, their presence in

the residual hydrocarbons indicates a “tight” formation. Good formation

permeability may be indicated by a high total hydrocarbon count ac-

companied by a high concentration of heavy components, and a low

concentration of intermediate and light componenets.

A cumulative percent curve representative of the Antrim Shale is

shown on Fig. 2 from the Mi 27 well. The total hydrocarbon count is

high, 48.8 million counts, and the high concentration of light to inter-

mediate components is exhibited by the steep slope in the range from

C6 to C16. The relatively high concentration of the lighter components

indicates low formation permeability. The distribution of components

illustrates characteristics of a gas-productive formation. This well is

located approximately five miles from Amoco Production Co. No. l-28

Swift (Mi 28) which is gas productive in the Antrim shale. The analy-

sis of cuttings from Mi 28 results in a similar curve as illustrated on

Fig. 3; however, this curve exhibits a steep slope in the range from Cg

to C16. This slight decrease in the light component  fraction may be

indicative of slightly greater permeability in Mi 28 than in Mi 27. The

majority of the pyrochromatographic analyses indicates the Antrim to be

gas productive.

GEOLOGY

The Antrim Shale has been noted for its rich organic content. The

bituminous nature of the Antrim shale was reported by C. C. Douglass2

in 1841. A. C. Lane3 assigned the name Antrim to the black bitu-

minous shale and first discussed it in the Geological Survey of

Michigan, Annual Report for 1908. The most accepted description of

the Antrim shale is by G. V. Cohee, et a14: “Dark gray to black,
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hard, thin bedded brittle carboniferous shale interbedded with some

gray shale in the lower part. Dark brown bituminous limestone con-

centrations ranging 2 to 5 ft in diameter are common near the base.”

G. D. Ells5 conducted a study of the stratigraphic relationship of

the Antrim shale over the Michigan Basin on the basis of gamma ray log

correlations. He has subdivided the Antrim into units apparently

related to lithological variations. The units in a specified area of the

basin exhibit gamma ray log signatures which can be traced over a vast

area throughout  the Michigan Basin. The subdivisions of the Antrim

shale are illustrated on Fig. 4, a stratigraphic section, taken from Ells’

report. The Antrim shale exhibits a highly radioactive character. In

some wells the highly radioactive zone corresponds  with the entire

Antrim interval but in others the highly radioactive zone occurs only in

the lower portion of the Antrim. This highly radioactive zone is

represented by the zone in which the gamma ray response increases

significantly from the overlying shale. In most cases the average gamma

ray reading for the highly radioactive zone is at least 45 percent

greater than the average gamma ray reading for the overlying shale.

The Antrim shale overlies the Traverse Group and is exposed in the

northern and southeastern parts of the basin. The maximum thickness

is located along a north-south  trending axis through the center of the

basin, thinning abruptly to the west  where the Antrim shale grades

laterally into Ellsworth shale. Thinning is gradual to the south and

east.

INTERPRETATIONS

The results of the pyrochromatographic analyses yield a total

hydrocarbon count for each sample given in 1000 counts. The elec-

tronic computing integrator calculates arbitrary  units of area from the

chromatographic plots and expresses the results in microvolt seconds

(MVS) which are referred to as counts. Only the highly radioactive

zone within the Antrim shale was considered. A tabulation of the

geological and sampling data by well, Table I I, lists the percentage of

the highly radioactive zone in the total Antrim thickness. The log

depths of the top and base of the zone for each sampled well, or near-
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by well, and the sampled depths of the top and base of the zone for

each well are listed. The sampled wells with a log available from a

nearby well are designated by an asterisk. The difference  in log

depths from a nearby well and the sample depths from the sampled well

is probably due to the difference  in locations. Also listed is the per-

centage of the highly radioactive zone which was sampled in each well,

and the total hydrocarbon count of the samples within the highly radio-

active zone. The total hydrocarbon count for each well was divided by

the number of samples within the zone of each well to obtain an average

hydrocarbon count per sample.  For ease in mapping, these values were

divided by 1000 before posting to the maps. The values listed in Table

II, are in millions of counts per sample.

Analyses of nine outcrop samples are included in the mapping.

They generally conform to trends established by the subsurface sam-

pies. Discrepancies are due to the various states of weathering and

their unknown stratigraphic position. In any case, they neither con-

firm nor contradict  any trend derived from the mapping of the sub-

surface samples.

Hydrocarbon counts for the highly radioactive zone were mapped

and are presented on Fig. 5. Twenty-nine wells having greater than

80 percent of the interval sampled are shown with slanted datum values;

six wells having less than 80 percent sampling are designated by under-

lined upright numerals. All values were believed to be representative

of the highly radioactive zone and were used in mapping. The greater

values of hydrocarbon counts are generally located near the central

deeper part of the Michigan Basin.

LOG ANALYSIS

Gamma ray logs were available for 35 wells as listed in Table I.

The logs were correlated following Ells’ subdivision. Bar graphs of the

total hydrocarbon for each sample were plotted on a depth scale equiva-

lent to the corresponding log depths. Visual comparison  of the gamma

ray log and the bar graph indicates an increase in hydrocarbon per

sample with increased radioactivity. A section of gamma ray log from

the Mi 27 well in Otsego County, Michigan, approximately 5 miles south
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of the producing Antrim Gas Pool A is shown on Fig. 6. The units of

the Antrim shale are shown numbered on the left edge of the log.

Total hydrocarbon in millions of counts for each sample is plotted on

the bar graph. Visual comparison  illustrates a good correlation between

gamma ray log response and the total hydrocarbon count per sample.

The Mi 27 well is representative of all the wells studied in this project;

all exhibit an increase in hydrocarbon count with increased gamma ray

log radioactivity.

A correlation of gamma ray counts, API units, versus total hydro-

carbon counts was made and presented on Fig. 7. Five wells with

standard calibrated gamma ray logs and a full suite of cuttings samples

through the highly radioactive interval were used in developing the

correlation. The correlation coefficient for these data calculated 0.696,

which is considered a good correlation considering the inherent un-

certainty in lag time and in depth adjusting the cutting samples to the

logs. Data points used in the correlation were arithmetic average

values for each unit of Antrim shale based on Ells’ subdivisions.

PRODUCTION

The Michigan Department of Natural Resources  reports Antrim gas

production from three fields in the Michigan Basin. Antrim Gas Pool A

in Otsego County which has a total of nine wells, three of which are

active and produced 789,034 Mcf gas through January of 1979.  Produc-

tion from Chester Field totaled 1,078,411 Mcf gas through January of

1979 from 16 active wells. Approximately 8 MMcf of gas was produced

from two wells in the Algonac Field, St. Clair County, but were aban-

doned in 1951. Shows of gas from the Antrim shale were also reported

from three areas of the Michigan Basin but no production was reported.

These areas are Dover and Otsego Lake in Otsego County and Mayfield

in Grand Traverse County. Gas wells and gas shows reported from the

Antrim shale, are shown on Fig. 8. Two Antrim gas wells in Jackson

County and shows of gas along the southern and northern flanks of the

basin were reported by Cohee et al and are also indicated on Fig. 8.

Comparison of this map and the total hydrocarbon map, Fig. 5, shows
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that production is found in areas with hydrocarbon values as low as 30

to 50 million units. It can be concluded, therefore, that essentially all

of the Michigan Basin is potentially  hydrocarbon productive  in the

Antrim shale.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The Antrim shale is generally divisable into an upper low radio-

active zone and a lower highly radioactive zone.

The highly radioactive zone contains high concentrations of hydro-

carbons measured by pyrochromatographic techniques.

There is a good correlation between gamma ray log API counts and

total hydrocarbons measured pyrochromatographically.

The hydrocarbon concentration generally increases with depth and

is generally conformable to the structure and thickness of the Michigan

Basin. Essentially all the Michigan Basin has hydrocarbon potential in

the Antrim shale.

RECOMMENDATIONS

Additional samples of cuttings or cores be analyzed using

pyrochromatography in recently drilled wells that also have modern

gamma ray logs.

Detailed reservoir engineering studies of producing Antrim fields

be made to determine recovery and deliverability characteristics of the

reservoir .

Pyrochromatography should be run on currently producing wells

completed  in the Antrim shale.
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APPENDIX

Bar Graphs of Total Hydrocarbon Count vs Depth

Wells Mi 1 through Mi 35 and Surface Samples
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