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INTRODUCTION

Additional deep well drilling to the Precambrian1 
basement in the Ohio region has necessitated revision 
of map PG-23 (Baranoski, 2002), to which the reader is 
referred for the history and methodology of the map’s 
development. Table 1 herein lists structural features 
and bibliographic citations, replacing Appendix A from 
Baranoski (2002). Tables 2 and 3 list well data and seismic 
refl ection lines, respectively, and replace Appendices 
B and C from Baranoski (2002). The updated map uses 
and identifi es 79 additional wells for mapping Ohio, the 
surrounding states, and Ontario, Canada, and also 47 
additional paleotopographic high areas and monadnocks. 
The new map uses insets to show detail where required 
and also indicates Class II oil-fi eld waste injection wells 
in addition to Class I industrial-waste injection wells.

Since 2002, the major impetus for drilling deep wells 
has been an increased interest in oil-fi eld brine disposal, 
research for CO2 sequestration targets, and wildcats. 
Cambrian-age rocks cannot be properly evaluated for 
disposal zones, sequestration targets, or hydrocarbon 
potential unless a well is drilled into the Precambrian 
complex with suffi cient depth (including a rathole2). 
Typically, 100 feet (ft) of rathole into the Precambrian 
will allow open-hole geophysical instruments to collect 
data along the uppermost Precambrian and the entire 
Cambrian interval for proper evaluation. Also since the 
2002 map was released, new analyses of diamond bit 
core have revealed that Ohio’s Precambrian rocks are 
signifi cantly older than previously thought. While the 
details of age-dating results are not included in this report, 
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these older rock ages will have far-reaching effects on our 
understanding of the Precambrian complex underpinning 
the Ohio region. Both deep well drilling and age-dating 
research will assist industry and academia in developing 
new tectonic models for the Ohio region.

For more than one half century there has been 
little change to Bass’s (1960) original delineation of 
Ohio’s Precambrian Provinces using geochronology: 
older, unmetamorphosed Granite-Rhyolite Province 
rocks west of a north–south boundary of younger, 
metamorphosed Grenville Province rocks (see Baranoski 
and others, 2009). Bass (1960) noted the presence 
of unmetamorphosed sedimentary rocks west of the 
Grenville Province boundary in the Mattinson well (API 
number 3402360004) in Clark County. It was not until 
the discovery of the Middle Run Formation (Shrake and 
others, 1990) followed by reexamination of older well 
data, new well drilling, and seismic refl ection data 
that revealed extensive and thick, unmetamorphosed 
sedimentary rocks. Drahovzal and others (1992) 
interpreted these newly discovered rocks beneath the 
Paleozoic as deposits of the regional Precambrian East 
Continent Rift System. The generally accepted ages of 
these provinces are 1.3 to 1.4 billion years (Ga) for the 
Eastern Granite-Rhyolite Province of western Ohio (Van 
Schmus and others, 1996); 1.0 to 1.2 Ga for the Grenville 
Province (Culshaw and Dostal, 2002); and 1.0+ Ga for 
the East Continent Rift System (Santos and others, 2002). 
However, these well-established rubidium-strontium 
(Rb-Sr) radiometric age dates have likely been reset due 
to later tectonic events applied to older crustal rocks now 
known to exist in Ohio (Petersson and others, 2012).

Another signifi cant and yet unexplained tectonic 
anomaly to Bass’s (1960) original Ohio Precambrian 
Province delineation line is the gabbro in Seneca County, 
Ohio (API number 3414760840, DGS core no. 2580; 
see Wickstrom and others, 1985). This well was drilled 
approximately 30 miles east of the Grenville boundary 
into Lucius and von Frese’s (1988) Seneca “geopotential” 
anomaly. The gabbro was analyzed for samarium-
neodymium (Sm-Nd), yielding a radiometric age date of 
1.3 Ga and a calculated (time of crystallization of depleted 
mantle [TDM]) model age date of 1.6 Ga (Van Schmus and 

1The informal term Precambrian has become obsolete with the advent of 
modern radiometric age dating of rocks. The preferred term for rocks beneath 
the Cambrian is Proterozoic Eon (Ohio Geological Survey, 1990; Palaeos, 
[n.d.]). The Proterozoic is subdivided into three eras, which in ascending order 
are Paleoproterozoic, Mesoproterozoic, and Neoproterozoic. However, this 
report will continue to use the informal term Precambrian.

2“Extra hole drilled at the end of the well (beyond the last zone of interest) 
to ensure that the zone of interest can be fully evaluated. The logging tool 
string may be as much as 120 ft (36.5 m) in length, so the rathole allows 
tools at the top of the logging string to reach and measure the deepest zone 
of interest.” (Schlumberger, 2013)
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others, 1996). Interestingly this gabbro did not exhibit 
deformation, metamorphism, or radiometric resetting even 
though located well within the Grenville Province. Van 
Schmus and others (1996, p. 23) explained this anomaly 
as a “block of crust that locally escaped penetrative 
deformation.” Their calculated (TDM) model age date of 1.6 
Ga for the gabbro was the fi rst indication, at least locally, 
of Ohio crust much older than the Eastern Granite-Rhyolite. 
These fi ndings further added to the unexplained tectonic 
history of the region.

In 2002, uranium-lead (U-Pb) radiometric age-dating 
of zircon crystals was performed on six Ohio diamond drill 
core in Sweden by Dr. Jenny Andersson (Jenny Andersson, 
unpub. data, 2002; Baranoski and others, 2002). This work 
was later expanded upon by Petersson (2010) to show that 
Ohio’s crustal complex is at least 1.6 Ga in age (Petersson 
and others, 2012). These new preliminary age dates are 
more than 200 million years older than previous dates for 
the Eastern Granite-Rhyolite Province and allow extension 
of the Van Schmus and others’ (1996) older crust over most 
of Ohio. These fi ndings will spur work to develop new 
crustal models for the Ohio region and will change the 
way we currently view the Granite-Rhyolite and Grenville 
Provinces and the East Continent Rift Basin. Such new 
tectonic models will likely change our view on the region’s 
Paleozoic structural and stratigraphic history. Long-term 
implications of new models will affect future exploration 
and development of energy, mineral, and geothermal 
resources; industrial-waste and oil-fi eld brine disposal; CO2 
sequestration; and seismicity research.

UPDATES TO MAP PG-23

The revised PG-23 map utilizes data from 335 
wells drilled into Precambrian basement3, including an 
additional 80 wells since the 2002 map was published. Of 
those additional wells, 43 are in Ohio and include new 
information for 13 older wells and 30 new wells drilled 
since 2002. Of the 30 new wells since 2002, 16 are 
permitted as oil-fi eld waste injection wells into Cambrian-
age reservoirs; 12 are rank wildcat; and 2 were drilled 
for CO2 sequestration research. Eight Ohio counties have 
had drilling to the Precambrian for the fi rst time since the 
2002 map was published4. The remaining 37 additional 

wells include new wells drilled outside of Ohio and into 
an expanded map area, which added older wells. One 
well each in Indiana, Kentucky, and West Virginia was 
drilled to the Precambrian for CO2 sequestration research 
since 2002. The updated map also shows wells drilled 
to the Precambrian that have been permitted (active and 
inactive) for Class I industrial-waste injection (20 wells) 
and Class II oil-fi eld waste injection (26 wells). Table 2 
lists all the wells on the map, with additional wells since 
2002 footnoted. Sixteen Ohio counties have not yet had 
a well drilled into the Precambrian: Athens, Belmont, 
Darke, Champaign, Gallia, Geauga (see observation 
below), Hamilton, Jefferson, Meigs, Montgomery, Monroe, 
Morgan, Ottawa, Preble, Vinton, and Washington. A 
Geauga County well (API number 3405520096) reportedly 
had been drilled to a total depth of 7,077 ft with tools 
lost in the hole. This well was drilled along the Akron 
Magnetic Boundary trend and yields a subsea value of 
–5,877 ft, which lies proximal to contours interpreted for 
the revised map, suggesting the total depth of the well 
was close to the Precambrian. This well location was not 
used on the revised map without further documentation, 
electric well logs, and/or sample cuttings.

Seismic-refl ection lines, fault codes, and fault 
positions remain unchanged from the 2002 map. 
However, one relative fault movement was changed 
to “Up” on the southwest for the Harlem Fault in 
southeastern Delaware County. This change suggests 
steep vertical northeast dip on the fault. The structural 
features table (table 1) now recognizes the Serpent 
Mound impact structure of southern Ohio and includes 
the Utica Mountain Structure and Fault in Licking and 
Knox Counties. The original 17 paleotopographic high 
areas or monadnocks on the 2002 map included only 
those wells where Janssens’ (1973) Cambrian Mount 
Simon Sandstone was not present above the Precambrian. 
The updated 2013 map has 67 symbols for well locations 
drilled into paleotopographic high areas—50 more than 
on the 2002 map. The paleotopographic high areas on 
the updated map include both additional wells missing 
Janssens’ (1973) Mount Simon and other wells with 
relatively thin basal Cambrian units (Baranoski, unpub. 
data, 2013). Two additional paleotopographic high areas 
outside of Ohio are located in Branch County, Michigan, 
and Erie County, Pennsylvania.

Contour lines were adjusted digitally/manually using 
Geographix® mapping software, following placement 
of new Precambrian well locations and subsea values. 
Finalized shape fi les were exported from Geographix® 
and reformatted in Esri ArcMAP 10®. The fi nal version of 
the map includes brief text and updated data tables and 
is formatted as an Adobe PDF fi le. Also included with 
the revised map is a database of well data, seismic line 
locations, faults, contours, and metadata. Metadata is 
described in the digital DVD version of this report.

3A total of 25 wells have a question mark (?) associated with (1) formation 
name and total depth and (2) the subsea value on the PG-23 map. These wells 
have not been verifi ed conclusively with sample cuttings or geophysical well 
logs. In most cases, samples were not available and in some instances samples 
were too fi ne in size to analyze without grain mounts and a high-power 
petrographic microscope. The David Hill Georgetown-Marine well in Belmont 
County is the deepest well drilled in the state at 13,727 ft. This well is interpreted 
as reaching near the base of the Cambrian Conasauga Formation and a few tens 
to a couple of hundred feet above the Precambrian basement, thus justifying this 
well location as an important control point in a sparsely drilled region.

4Belmont, Carroll, Fairfi eld, Greene, Mahoning, Stark, Trumbull, and 
Tuscarawas Counties.
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TABLE 1. Regional structural features in the Precambrian basement of Ohio as depicted on map PG-23

Type of structure Map number Named feature References

anomaly 47 Seneca Anomaly Lucius and von Frese, 1988

50 Southwestern Ohio Anomaly Lucius and von Frese, 1988

cross-strike structural 

discontinuity (CSSD)

3 Cambridge CSSD Shumaker, 1986; Coogan and Reeve, 1985; Baranoski, 1989, 1990, 1993a, 1993b, 1993c; 

Riley and others, 1993; Root, 1996

11 Pittsburgh-Washington CSSD Harper and Laughrey, 1987; Riley and others, 1993

fault 27 Akron Fault Gray and others, 1982; Root and MacWilliams, 1986; Shumaker, 1986; Coogan, 1991; Riley 

and others, 1993

31 Anna-Champaign Fault McGuire, 1975; Schwartz and Christensen, 1986; Wickstrom, 1990; Wickstrom and others, 

1992

33 Auglaize Fault Schwartz and Christensen, 1986; Wickstrom, 1990; Wickstrom and others, 1992

41 Bellefontaine Outlier Faults Steck, 1997; portion of Union Fault from Wickstrom, 1990

8 Bowling Green Fault System Orton, 1888; Carman and Stout, 1934; Stout, 1941; Green, 1957; Worthing, 1965; 

Janssens, 1973; Shearrow, 1987; VanWagner, 1988; Wickstrom, 1990; Wickstrom and 

others, 1992; Onasch, 1995

6 Burning Springs Fault System Shumaker and others, 1982; Calvert, 1983; Shumaker, 1986; Baranoski, 1989

34 Crawford Faults Wickstrom, 1990; Wickstrom and others, 1992

21 Harlem Fault Wickstrom, 1990 

30 Highlandtown Fault Gray and others, 1982; Root and MacWilliams, 1986; Shumaker, 1986; Coogan, 1991; Riley 

and others, 1993

35 Kentucky River Fault System McGuire and Howell, 1963; Rudman and others, 1965; Lidiak and Zietz, 1976; Ammerman 

and Keller, 1979; Webb, 1980; Black and others, 1981; Cable and Beardsley, 1984; 

Black, 1986; Harris and Drahovzal, 1996; Drahovzal and Noger, 1995; Stark, 1997

36 Killbuck Dome Wicks, 1996

32 Logan Fault McGuire, 1975

37 Marion Fault Wickstrom, 1990; Wickstrom and others, 1992; Shrake, 1997

38 Maumee Fault Wickstrom, 1990

10 Middleburg Fault Gray and others, 1982; Root and MacWilliams, 1986; Coogan, 1991

7 Ohio River Fault Calvert, 1974; Baranoski and Riley, 1988

39 Outlet Fault Wickstrom, 1990; Shrake, 1997

40 Plum Run Quarry Fault Schmidt and others, 1961; Reidel and Koucky, 1981; Reidel and others, 1982; Baranoski 

and others, 2003

2 Rome Trough Fault System Lockett, 1947; Thomas, 1960; Woodward, 1961; McGuire and Howell, 1963; Rudman and 

others, 1965; Webb, 1969, 1980; Silberman, 1972; Heyl, 1972; Harris, 1975; Wagner, 

1976; Shumaker and others, 1982; Beardsley and Cable, 1983; Cable and Beardsley, 

1984; Keller and others, 1983; Baranoski, 1993b; Kulander and Dean, 1986; Harper, 

1989; Coogan and Peng, 1993; Riley and others, 1993; Harris and Drahovzal, 1996; 

Stark, 1997

29 Smith Township Fault Gray and others, 1982; Root and MacWilliams, 1986; Coogan, 1991; Riley and others, 

1993; Shumaker, 1986

24 Starr Fault System Brannock, 1993 

28 Suffi  eld Fault System Gray and others, 1982; Root and MacWilliams, 1986; Coogan, 1991; Riley and others, 

1993; Shumaker, 1986

19 Tiffi  n Fault Sitler and Wehmeyer, 1962; Shearrow, 1987

52 Utica Mountain Fault this report

42 unnamed faults (Adams Co.) Foerste and Lamborn, unpub. data, 1918, 1919; Harper, 1939; Bucher, 1921, 1933, 1935, 

1936, 1963; Galbraith, 1968; Galbraith and Koucky, 1969; Reidel, 1972, 1975; Koucky, 

1975; Reidel and Koucky, 1981; Reidel and others, 1982

44 unnamed fault (Ashtabula Co.) this report

45 unnamed fault (Ashtabula Co.) Seeber and Armbruster, 1993

4 unnamed fault (Belmont Co.) Berryhill, 1963

9 unnamed faults (Delaware Co.) Galey, unpub. data, 1964; Rudman and others, 1965; Swinford and Slucher, 1995

22 unnamed faults (Fayette Co.) Mayhew, 1969 

20 unnamed faults (Fayette, Ross, 

Pickaway Cos.)

Mayhew, 1969; Shearrow, 1987 

18 unnamed fault (Hancock Co.) Shearrow, 1987 

26 unnamed fault (Highland Co.) Shearrow, 1987 
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1 unnamed fault (Lake Co.) Nicholson and others, 1988

fault (cont.) 14 unnamed faults (Madison Co.) Mayhew, 1969 

12 unnamed fault (Sandusky Co.) this report

15 unnamed fault (Scioto Co.) this report

23 unnamed fault (Seneca Co.) Shearrow, 1987 

17 unnamed fault (Warren Co.) Shrake and others, 1991 

13 unnamed faults (Washington Co.) Baranoski, 1989; Deyling, 1993

43 unnamed fault (Wyandot Co.) this report

25 unnamed faults along COCORP 

seismic lines

Dean and others, 1998; this report 

5 W. Hickman Creek-Bryan Station Fault Harper, 1939; McGuire and Howell, 1963; Worthing, 1965; Galbraith, 1968; Lidiak and 

Zietz, 1976; Ammerman and Keller, 1979; Patterson, 1980; Webb, 1980; Black and 

others, 1981; Swinford, 1983; Harper, 1989; Black, 1986; Hinze and others, 1987

miscellaneous structure 46 Akron Magnetic Boundary Aggarwal, 1987; Seeber and Armbruster, 1993

16 Serpent Mound impact structure Locke, 1838; Orton, 1871; Foerste and Lamborn, unpub. data, 1918, 1919; Harper, 1939; 

Bucher, 1921, 1933, 1935, 1936, 1963; Stout, 1941; Lockett, 1947; Schmidt and others, 

1961; Sappenfi eld, 1950, 1951; Summerson and others, 1963; Worthing, 1965; Bull 

and others, 1967; Galbraith, 1968; Galbraith and Koucky, 1969; Reidel, 1972, 1975; 

Koucky, 1975; Reidel and Koucky, 1981; Reidel and others,1982; Langford, 1984; 

Koucky and Reidel, 1987; Baranoski, 1993c; Baranoski and others, 2003

48 Coshocton Zone Pratt and others, 1989; Culotta and others, 1990

49 Fort Wayne Rift Denison and others, 1984; Hinze and others, 1987; Lucius and von Frese, 1988; Coogan 

and Peng, 1993

53 Utica Mountain Structure this report

province Granite-Rhyolite Province Bass, 1960; Denison and others, 1984; Bickford and others, 1986; Lucius and von

(Central Granite-Rhyolite Province/ Frese, 1988; Pratt and others, 1989; Culotta and others, 1990; Drahovzal and

Eastern Granite-Rhyolite Province) others, 1992; Hauser, 1993

Grenville Province Bass, 1960; Rudman and others, 1965; Webb, 1980; Black and others, 1981; Keller and 

others, 1983; Beardsley and Cable, 1983; Bickford and others, 1986; Black, 1986; 

Lucius and von Frese, 1988; Green and others, 1988; Pratt and others, 1989; Culotta 

and others, 1990; Hoehn, 1991; Hoehn and Hinze, 1992; Coogan and Peng, 1993; 

Hauser, 1993; Riley and others, 1993; Carter and others, 1996

51 Grenville Front Tectonic Zone McGuire and Howell, 1963; Rudman and others, 1965; Bayley and Muehlberger, 1968; 

Mayhew, 1969; Lidiak and Zietz, 1976; Hinze and others, 1987; Lucius and von Frese, 

1988; Pratt and others, 1989; Culotta and others, 1990; Hoehn, 1991; Hoehn and 

Hinze, 1992; Coogan and Peng, 1993; Hauser, 1993; Lidiak and Hinze, 1993; Wolfe and 

others,1993; Riley and others, 1993; Richard and Wolfe, 1995; Stark, 1997; Steck, 1997

East Continent Rift Basin Shrake and others, 1991; Drahovzal and others, 1992; Riley and others, 1993; Wolfe and 

others, 1993; Coogan and Peng, 1993

East-central midcontinent rift system McGuire and Howell, 1963; Lidiak and Zietz, 1976; Halls, 1978; Keller and others, 1982, 

1983; Cable and Beardsley, 1984; Hinze and others, 1987; Hoehn, 1991; Hoehn and 

Hinze, 1992; Stark, 1997

Kentucky-Ohio Trough Black, 1986

TABLE 1. Regional structural features in the Precambrian basement of Ohio as depicted on map PG-23 (cont.)

Type of structure Map number Named feature References
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TABLE 3. Seismic refl ection profi les on map PG-23

Map reference Availability Company Number of lines Total miles

COCORP OH-1 Public domain/Restricted Consortium for Continental Refl ection Profi ling 1 172.0

COCORP OH-2 Public domain/Restricted Consortium for Continental Refl ection Profi ling 1 81.0

A Public domain ODNR Division of Geological Survey 1 3.6

B Public domain Columbia Natural Resources 1 5.2

C Public domain BP Chemical (formerly Vistron Corp.) 11 72.0

D Public domain Reserve Environmental Services 7 25.8

E Public domain AK Steel Corp. (formerly Armco Steel Corp.) 4 15.0

F Restricted NGO Development Corp. 1 6.5

G Public domain/Restricted CGAS Exploration, Inc. 1 7.5

H Public domain Tomen Agro Inc. (formerly Calhio Chemicals) 3 5.3

I Restricted Excalibur Exploration 4 11.3

J Public domain Waste Management of Ohio (formerly Vickery Environmental) 8 62.0

K Public domain Aristech Chemical Corp. (formerly U.S. Steel) 7 80.7

L Public domain ODNR Division of Geological Survey 1 7.8
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