
 68

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

CHAPTER 3: 
 

COAL-BEARING INTERVALS 
OF THE BOURBON ARCH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 69

3.1   Introduction 

The examination of Desmoinesian coal-bearing intervals includes: 1) facies 

successions and their associated well-log characteristics; 2) coal isopach geometries, 

distributions, extents, and thicknesses; 3); the relation of coal to adjacent sediments; 

and 4) coal quality data—specifically ash and sulfur content.  The results were used 

for depositional interpretation of coal-bearing intervals and the classification of 

Desmoinesian strata into a sequence-stratigraphic framework.  

Previous investigations described and mapped Cherokee strata by placing 

defined facies into stratigraphic intervals (Harris, 1984; Staton, 1987; Huffman, 1991; 

and Lange, 2003).  These studies relied on marker horizons consisting of underclay, 

coal, and overlying shale for correlation purposes.  The Cherokee and Marmaton 

groups can be divided into stratigraphic packages bound by surfaces separating coals 

or underclay from overlying shales (Fig. 3.01).  In order to include two potentially 

economic coals, the study was extended to two additional stratigraphic intervals in the 

Marmaton Stage (Mulberry and Lexington coals; Figs. 3.02 and 3.03). 

3.1.1 Coal Proximate Analysis 

Following the decanistering of coal desorption samples, coals were slabbed 

with half being sent to a commercial lab for proximate and sulfur analysis; or kept in 

house for determining ash and moisture content only—both options in accordance 

with ASTM standards.  The ASTM Annual Book of Standards (2002) provides 

detailed description of coal analysis techniques and procedures.  Range and average 

values for ash and sulfur contents of select coals within the Bourbon arch study limits  
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were compared to values from the Cherokee basin (Figs. 3.04 and 3.05; Lange, 2003).  

Ash and sulfur contents are expressed as weight percents on a moisture-free basis.   

Ash is attributed to the proximity of a peat-forming environment to active 

siliciclastic sedimentation (McCabe, 1991).  Lower ash coals (<25 %) developed as 

peats removed from siliciclastic influx, whereas higher ash coals developed as peats 

in close proximity to active sedimentation or rapid marine transgression (McCabe and 

Shanley, 1992).  Coal ash content is highly variable in eastern Kansas (4.9 to 80.7 %; 

Fig. 3.04).  In general, Bourbon arch coals have lower and less variable ash content 

than Cherokee basin coals in the lower Desmoinesian, and higher and more variable 

ash content than Cherokee basin coals in the upper Desmoinesian (Fig. 3.04). 

Sulfur is normally thought to be a direct reflection of peat-forming 

environment.  High-sulfur (>2.0 %) coals formed proximal to marine environments 

while low-sulfur coals formed in more landward, freshwater environments (McCabe, 

1991; Brady and Hatch, 1997).  Sulfur, however, may reflect marine influence from 

transgression rather than depositional setting (McCabe, 1991).  Sulfur content is 

inversely related to the thickness of overlying non-marine shale.  Coals underlying 

thinner non-marine shale typically show higher sulfur contents (McCabe, 1991).  

Coal beds within the study area directly underlie brackish to marine shale (Appendix 

A; Johnson, 2004), and have sulfur contents ranging from 1.4 to 11.9 % (Fig. 3.05).  

Coal sulfur content in the Bourbon arch study area is considered to reflect 

depositional setting and proximity to marine processes.  Bourbon arch coals have 

comparable sulfur content to Cherokee basin coals (Fig. 3.05).   
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3.1.2 Subsurface Mapping 

Digital subsurface maps of coal isopachs and various sub-sea structure 

contours were constructed by stratigraphic interpretation and correlation of well logs 

using a digital subsurface mapping program.  Isopach and structure maps were 

inspected for data quality (outlying data busts or gridding glitches).  Control points 

were used to smooth data in problematic areas.  Coal isopach and structure contour 

maps of adjacent surfaces were superimposed and exported.  All coal isopach maps 

used an arbitrarily lower thickness cut-off of 0.5 feet (0.15 m).  The maximum 

thickness of any coal with the study limits is 3.8 feet (1.1 m).  The lower cutoff was 

used to eliminate gridding noise in surface-to-surface correlation of digitally scanned 

well logs and remove unreasonable extrapolations beyond logging tool resolution.  

Average coal thickness values were statistically calculated from all data points.  

Range and average values for coal thickness of select coals within the Bourbon arch 

study limits are illustrated in Figure 3.06.  For comparison, coal thickness values from 

in the Cherokee basin are presented (Lange, 2003; Fig. 3.06).  Bourbon arch coal 

thickness is comparable to coals in the Cherokee basin except for the Weir-Pittsburg 

and Riverton coals, which have greater average and maximum thickness in the 

Cherokee basin (Fig. 3.06). 

Table 3.1 summarizes the seam characteristics (seam orientation, relation to 

depositional orientation, geometry, average thickness, lateral extent, continuity, and 

coal distribution) determined from each coal isopach.  Extent was determined by 

calculating the area of a polygon drawn around each coal seam isopach.  Continuity  
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Table 3.1    Summary of coal seam characteristics.

COAL Seam Orientation Depositional Orientation 
(parallel to) Geometry 

Mulberry NW-SE ND Lenticular; Pod-like 
Lexington NW-SE ND Lenticular; Pod-like 
Summit NW-SE ND Circular and pod-like 
Mulky NW-SE ND Circular and pod-like 
Bevier NE-SW Dip Lenticular; Elongate 
Croweburg NE-SW Dip Elongate; Lenticular 
Mineral NW-SE Strike Lenticular 
Scammon NE-SW Dip Elongate 
Tebo NW-SE Strike Lenticular 
Weir-Pittsburg NE-SW Dip Lenticular 
Dry Wood NE-SW Strike Lenticular 
Rowe NW-SE Strike Lenticular 
Neutral NW-SE Strike Lenticular 
Riverton NW-SE ND Lenticular; Elongate 

ND=Not Discernible 

Table 3.1  (continued)  

COAL 
Avg. 
thick. 
(ft.) 

Extent 
(mi2) 

Continuity 
(mi2) 

% of 
extent 

Area > than 
avg. thick.  

(mi2) 

%  of 
extent 

# 
data 
pts. 

Mulberry 0.9 3617 2046 56.6 2298 63.5 805 
Lexington 0.4 1151 232 20.1 969 84.2 817 
Summit 0.8 4071 1511 37.1 2333 57.3 846 
Mulky 1.0 4133 2334 56.5 2334 56.5 845 
Bevier 1.5 4246 3987 93.9 2418 57.0 647 
Croweburg 1.0 4067 2146 52.8 2146 52.8 602 
Mineral 1.0 4064 2166 53.5 2166 53.3 554 
Scammon 0.8 3780 1307 34.6 2060 54.5 541 
Tebo 0.8 3841 1526 39.7 2407 62.7 488 
Weir-Pittsburg 0.8 3327 1201 36.1 1719 51.7 488 
Dry Wood 0.4 1925 310 16.1 1526 79.3 282 
Rowe 0.6 3128 747 23.9 2247 71.8 283 
Neutral 0.7 3429 1236 36.0 2221 64.8 282 
Riverton 1.2 3578 2461 68.8 2098 58.6 241 

 



 79

was determined by subtracting the area of coal isopach greater than 1 foot (0.3 m) 

from the extent.  Although the area of the Bourbon arch study area was calculated as 

4040 square miles (10,463 sq. km), the isopach mapping area was calculated to be 

4314 square miles (11,173 sq. km) due to overlap into adjacent counties. 

 

3.2   Stratigraphy of Coal-bearing Intervals 

3.2.1 Riverton Interval 

Across eastern Kansas, Atokan (?) and Desmoinesian strata unconformably 

overlie Mississippian Limestone (Osagian and Meramecian stages).  The karsted 

Mississippian surface has a structural dip trending to the west-northwest, has weak 

east-west trending anticlinal structures, and is characterized by a cherty carbonate 

residuum observed in core (Fig. 3.07; Appendix A; Merriam, 1963; Johnson, 2004).   

The Riverton interval extends from the top of the karsted Mississippian 

Limestone to the top of the Riverton coal (Fig. 3.08).  The base of the overlying 

Riverton shale is considered the upper limit when the coal is absent, as is the base of 

the Warner sandstone when incised through the Riverton shale and coal.  These 

boundaries are similar to Huffman’s (1991), with the exception that both the 

McLouth and X-marker intervals are included within the Riverton interval.  From the 

top of the Mississippian, the interval includes the McLouth Sandstone and the X-

marker limestone (both observed only in well logs north of the Bourbon arch), and 

the Riverton coal (Fig. 3.02).  Interpreted regional unconformities within the interval 

include the top of the Mississippian Limestone and the base of the McLouth  
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Sandstone.  North of the study area, several additional coals have been observed 

stratigraphically below the Riverton coal and above the Mississippian Limestone 

(Tedesco, 1992; Bostic et al., 1993).  The Riverton interval ranges between 4 and 80 

feet (1.2 to 24.4 m) thick, averaging 25 feet (7.6 m).  Thin areas are located along the 

Bourbon arch, including Bourbon, southern Linn, northern Allen, southern Anderson, 

and eastern Woodson counties (Appendix B).  Thinness may be due to non-deposition 

or channel incision from the overlying Warner Sandstone.  Thickest areas occur north 

of the Bourbon arch into the Forest City basin in Franklin and northern Anderson 

counties.  Regional depositional orientation of the Riverton interval is inconclusive.  

Differences exist in interval boundaries; however, Lange (2003) reported thicknesses 

ranging from 4 to 40 feet (1.2 to 12.2 m), averaging 15 feet (4.6 m) in the Cherokee 

basin. 

In ascending order, observed lithofacies from the Franklin County core 

include two underclays separated by a conglomerate bed at the base.  This basal 

succession, in turn, underlies a complex of two fining-upward successions: the first 

consisting of heterolithic sandstone and underclay, the other of bioturbated sandstone, 

heterolithic sandstone, and underclay (McLouth Sandstone).  The Riverton interval of 

the Franklin County core is capped by pyritic black shale with interbedded 

bioturbated sandstone, grading into underclay and thin coal (interpreted as the 

Riverton coal; Fig. 3.08; Appendix A).  The Warner Sandstone sharply overlies the 

thin Riverton coal at this location.  Observed lithofacies of the Riverton interval in the 

Rose Hill #1-6 core (Miami County) are in ascending order: the underclay facies and 
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Pennsylvanian basal conglomerate; cross-bedded sandstone fining upward into 

heterolithic sandstone (McLouth Sandstone); heterolithic siltstone (with minor 

heterolithic sandstone); and gray shale facies in sharp contact with overlying Warner 

Sandstone.  The Riverton coal was not observed in the Rose Hill #1-6 core (Johnson, 

2004). 

The Riverton interval of this study differs from southeastern Kansas (Lange, 

2003).  In the Cherokee basin, the Riverton interval lithofacies succession is 

Mississippian Limestone, pyritic black shale, followed by underclay.  The Riverton 

coal caps the succession.  The Riverton shale of the overlying interval is phosphatic 

in nature (Lange, 2003).  Phosphatic black shale was not recognized in core from the 

Bourbon arch study area (Appendix A; Johnson, 2004). 

Riverton Coal  

Digital subsurface mapping of the Riverton coal reveals two thin, lenticular to 

elongate coal seam geometries trending NW-SE (Fig. 3.09).  The Riverton coal 

extends an estimated 3578 square miles (9267 sq. km) across the Bourbon arch.  The 

Riverton is estimated to be continuous over 2461 square miles (6374 sq. km) across 

the study area, or 68.8% of the extent (Table 3.1).  Based on interpretation and 

correlation of well-log data points, thickness of the Riverton coal in the Bourbon arch 

ranges from 0 to 3.7 feet (0 to 1.1 m), averaging 1.2 feet (0.4 m; Fig. 3.06).  The 

distribution of the Riverton coal is relatively symmetric; 58.6 % of the coal isopach is 

greater than the average thickness (Table 3.1).  Thick coal trends occur in Bourbon, 

Anderson, and Woodson counties.  The Riverton coal pinches out northeastward into  
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Miami County onto a regional Mississippian paleotopographic high (Fig. 3.09).  In 

general, the Riverton coal thickens on regional structural highs and thins into the 

regional lows.  However, localized structural lows of the underlying Mississippian 

karst surface may show anomalously thick Riverton coal (Fig. 3.09).   

Lange (2003) described the Riverton coal in the Cherokee basin as having a 

thin, lenticular geometry, which locally trends parallel to both depositional strike and 

dip.  This description is similar to that of the Bourbon arch, except that the regional 

depositional orientation of the Riverton coal is inconclusive.  Reported thickness of 

the Riverton in the Cherokee basin ranges from 0 to 4.5 feet (0 to 1.4 m)—averaging 

1.8 feet (0.5 m; Fig. 3.06).  Lange (2003) concluded that the Riverton coal thickens in 

local Mississippian lows and thins on the highs of the Mississippian erosional 

surface—consistent with local observations in the Bourbon arch.   

Ash content of the Riverton coal in the Bourbon arch ranges from 11.7 to  

19.7 %, averaging 15.2 % (Fig. 3.04).  Sulfur content for the Riverton in the 

subsurface is not available in the study area.  In the Cherokee basin, ash content 

ranges from 10.5 to 34.4 %, averaging 19.3 % (Fig. 3.04), while sulfur values range 

from 2.8 to 10.7 %, averaging 6.5 % (Fig. 3.05; updated and modified from Lange, 

2003).     

3.2.2 Warner Interval 

The Warner interval extends from the base of the Warner Sandstone to the 

base of the A-B shale.  When the A-B shale is absent, the Warner interval extends 

only to the top of the Warner Sandstone (Fig. 3.08).  This interval includes the 
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Warner Sandstone and overlying Dw, Cw, and Bw coal beds.  These informally 

named coals are either discontinuous or nonexistent within the study area, and were 

not mapped (Fig. 3.02; Harris, 1984).  The Warner interval is analogous to the “A-B” 

interval of Huffman (1991), and similar to the “A-B” interval of Lange (2003).  The 

base of the Warner Sandstone, or its interfluve expression, is interpreted as a regional 

unconformity.  Thickness ranges from 4 to 94 feet (1.2 to 28.7 m), averaging 22 feet 

(6.7 m).  Thicker areas occur in southwestern Allen and southeastern Woodson 

counties, as well as a NE-SW-trend from southern Johnson County, through 

northwestern Miami County, Franklin County, and northwestern Anderson County 

(Appendix B).  Thick Warner interval isopach values coincide with thick Warner 

Sandstone incision and deposition and with zero-isopach thickness in the underlying 

Riverton coal.   

The Warner interval is 5 feet (1.5 m) thick in the Franklin County core (Fig. 

3.08).  Lithofacies include sand- and mud-clast conglomerate capped by a sandy 

underclay facies.  A coal facies of the overlying interval sharply overlies the sandy 

underclay facies (Fig. 3.08; Appendix A).  The Warner interval is 55 feet (16.8 m) 

thick in the Rose Hill #1-6 core (Johnson, 2004).  Lithofacies in ascending order are: 

coarsening upwards heterolithic siltstone to heterolithic sandstone; interbedded 

heterolithic siltstone and heterolithic sandstone (thinning-upward beds); and gray 

shale facies with intermittent heterolithic siltstone coarsening upward into heterolithic 

siltstone, heterolithic sandstone, and underclay facies.  A black shale facies (A-B 

shale) of the overlying Bluejacket interval overlies the underclay facies (Johnson, 
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2004).  Facies patterns of the Warner interval in the Cherokee basin are very similar 

and include in ascending order, phosphatic and non-phosphatic black shales, 

heterolithic siltstone and heterolithic sandstone, and gray shale facies (Lange, 2003). 

3.2.3 Bluejacket Interval 

The Bluejacket interval extends from the base of the A-B shale or top of the 

Warner Sandstone, to the top of the upper Bluejacket Sandstone, top of the overlying 

coal (Bjb; Harris, 1984), or base of the overlying black shale marker—whichever is 

present.  The Bluejacket interval includes in ascending order, the A-B shale; Aw, 

Neutral, Rowe, and Dry Wood coals; the lower Bluejacket Sandstone; Dbj and Cbj 

coals; the upper Bluejacket Sandstone; and the Bbj and Abj coals (Fig. 3.02; Harris, 

1984; Huffman, 1991).  Regional unconformities within the interval include the basal 

contacts of both Bluejacket (lower and upper) sandstones and their interfluve 

expressions.   

Depositional strike is interpreted to trend NW-SE—dipping towards the 

southwest in the Bourbon arch.  This is evident by sinuous zero isopach trends 

oriented towards the southwest recognizable in all of the Bluejacket coals.  Sinuous 

trends are likely due to channel incision with fluvial transport direction towards the 

southwest, but may also be the result of nondeposition.  Many other authors have 

indicated northeasterly to southwesterly current directions and sandstone isopach 

trends for several Cherokee Group sandstones in this interval (e.g. Bass, 1936; 

Ebanks et al., 1977; Harris, 1984; Staton, 1987; and Huffman, 1991). 
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Due to the discontinuous nature and difficulty in correlation of many 

Bluejacket interval coals, only the Neutral, Rowe, and Dry Wood coals are mapped.  

The Aw coal, which was correlated and mapped by Lange (2003), is not correlated in 

this study due to its highly discontinuous nature in the Bourbon arch study area.  Only 

a portion of the Bluejacket interval is included in the interval diagram (Fig. 3.10).  

Thickness of the Bluejacket interval ranges from 80 to 220 feet (24.4 to 67.0 m) and 

averages 123 feet (37.5 m).  Thinner areas occur in Miami, central Bourbon, western 

Allen, and central Woodson counties.  Thicker areas occur in western Johnson, north 

and western Franklin, Anderson, central Linn, and eastern Allen counties (Appendix 

B).  Thicker areas are due to incision of either the upper or lower Bluejacket 

Sandstone into the underlying Warner interval.  Because of difficulties in correlating 

the upper and lower boundaries of the Bluejacket interval both within the study area 

and between the Bourbon arch and Cherokee basin, the interval does not correspond 

exactly to the Bluejacket intervals of Huffman (1991) and Lange (2003).   

Lithofacies observed from 117 feet (35.7 m) within the Rose Hill #1-6 core 

generally include several coarsening-upward successions of gray shale, heterolithic 

siltstone, heterolithic sandstone, underclay, and coal (Johnson, 2004).  The 

successions culminating below and between the Neutral and Rowe coals illustrate the 

typical coarsening-upward successions observed in the Bluejacket interval (Fig. 3.10).   

Lithofacies observed from 104 feet (31.7 m) of Bluejacket interval found in the 

Franklin County core are similar to the Rose Hill #1-6 core, with three exceptions: 1) 

coarsening-upward facies successions underlying the Neutral, Rowe, and Dry Wood  
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coals of the Franklin County core tend to be muddier with more developed underclay 

facies; 2) the lower Bluejacket Sandstone of the Franklin County core (893’-906’) 

consists of (in ascending order) heterolithic sandstone, sand- and mud-clast 

conglomerate, cross-bedded sandstone, heterolithic sandstone, followed by underclay; 

and 3) black shale and bioturbated sandstone facies typically overlie coals in the 

Franklin County well (Appendix A).  Similar facies successions to those in the Rose 

Hill #1-6 and Franklin County cores were reported in the corresponding Bluejacket 

interval of the Cherokee basin (Lange, 2003). 

Neutral Coal  

The Neutral coal exhibits a lenticular coal seam geometry oriented parallel to 

depositional strike (NW-SE; Fig. 3.11).  Coal extent is estimated to be 3429 square 

miles (8881 sq. km).  Continuity is estimated to be 1236 square miles (3201 sq. km), 

or 36.0 % of the seam extent (Table 3.1).  Coal thickness ranges from 0 to 2.6 feet (0 

to 0.8 m), averaging 0.7 feet (0.2 m) in the Bourbon arch (Fig. 3.06).  Thicker Neutral 

coal is concentrated in small areas as evident from the positively skewed distribution; 

64.8 % of the coal isopach is greater than the average thickness (Table 3.1).  Thick 

Neutral coal trends occur in Anderson, eastern Allen, Bourbon, and southern Miami 

counties.  In contrast to the Riverton coal, the Neutral coal is present in Miami 

County.  The Neutral coal tends to thicken on regional structural highs and thin into 

structural lows of the Mississippian surface (Fig. 3.11).  Absence of the Neutral coal 

may be due to nondeposition, erosion, or from overlying channel incision.  A  
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comparable map of the Neutral coal in the Cherokee basin is not available (Lange, 

2003).   

Neutral coal ash content for the Bourbon arch ranges from 10.6 to 22.1 %, 

averaging 15.6 % (Fig. 3.04).  Sulfur is consistently 2.0 % based on four core samples 

(Fig. 3.05).  Ash content in the Cherokee basin ranges from 17.3 to 38.3 %, with a 

mean of 27.5 % (Fig. 3.04; updated and modified from Lange, 2003).  Sulfur content 

for the Neutral coal in the subsurface of the Cherokee basin is not available. 

Rowe Coal  

 Similar to the Neutral, the Rowe coal exhibits a lenticular coal geometry 

oriented parallel to depositional strike (NW-SE; Fig. 3.12).  Coal extent is estimated 

to be 3128 square miles (8102 sq. km).  Coal continuity is estimated to be 747 square 

miles (340 sq. km), or 23.9 % of the extent (Table 3.1).  Thickness of the Rowe coal 

in the Bourbon arch ranges from 0 to 2.7 feet (0 to 0.8 m), averaging 0.6 feet (0.2 m; 

Fig. 3.06).  The Rowe has a positively skewed distribution; 79.3 % of the coal 

isopach is greater than the average thickness (Table 3.1).  The Rowe coal appears to 

be more developed westward of the underlying Neutral coal.  Consistently thicker 

coal trends occur in central Anderson, western Bourbon, western Miami, and 

northeastern Franklin counties.  As with the Neutral coal, the Rowe coal tends to 

thicken on highs and thin into lows of Mississippian structure (Fig. 3.12).  The Rowe 

coal in the Cherokee basin was not mapped in previous studies (Lange, 2003).   

Rowe coal ash content in the Bourbon arch ranges from 9.6 to 20.2 %, 

averaging 15.3 % (Fig. 3.04).  Sulfur content data for the Rowe in the subsurface is  
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not available for the study area.    Ash content in the Cherokee basin ranges from 10.0 

to 80.7 %, with a mean of 35.4 % (Fig. 3.04; updated and modified from Lange, 

2003).  Sulfur content for the Cherokee basin ranges from 2.3 to 9.8 %, averaging 5.2 

% (Fig. 3.05; updated and modified from Lange, 2003). 

Dry Wood Coal  

 The Dry Wood coal exhibits a lenticular geometry oriented perpendicular 

(NE-SW) to depositional strike (NW-SE), but is more discontinuous (310 square 

miles [803 sq. km]) relative to underlying Bluejacket interval coals (Fig. 3.13; Table 

3.1).  The discontinuity (16.1 %) and extent (1925 square miles [4986 sq. km]) of the 

coal is the result of channel incision by the overlying upper or lower Bluejacket 

sandstones (Table 3.1).  Coal thickness in the study area ranges from 0 to 2.4 feet (0 

to 0.7 m); averaging 0.4 feet (0.1 m; Fig. 3.06).  The Dry Wood has a positively 

skewed distribution; 79.3 % of the coal isopach is greater than the average thickness 

(Table 3.1).  Where present, and as with the preceding Bluejacket interval coals, the 

Dry Wood tends to thicken on highs and thin into lows of Mississippian structure 

(Fig. 3.13).  Thicker coal trends occur in western Bourbon, Miami, and central 

Franklin counties.  The Dry Wood coal in the Cherokee basin was not mapped in 

previous studies (Lange, 2003).   

The Dry Wood coal has 16.2% ash, based on one coal cuttings sample from 

the Bourbon arch (Fig. 3.04).  Sulfur data for the Rowe in the subsurface is 

unavailable for the study area.  Ash content for the Dry Wood in the Cherokee basin  
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is 32.6 % and sulfur is 6.3 %, based on one core sample (Figs. 3.04 and 3.05, 

respectively; updated and modified from Lange, 2003). 

3.2.4 Weir-Pittsburg Interval 

The Weir-Pittsburg interval extends from the top of the underlying Bluejacket 

interval boundary to the top of the Weir-Pittsburg coal.  When the Weir-Pittsburg coal 

is absent, the base of the overlying shale becomes the upper interval limit (Fig. 3.14).  

These boundaries are similar to Huffman’s (1991) and Lange’s (2003) Weir-Pittsburg 

interval boundaries.  The Bluejacket interval includes, in ascending order, the Bjb 

shale, Abj coal, and the Weir-Pittsburg coal (Harris, 1984; Fig. 3.02).  Interval 

thickness ranges from 8 to 60 feet (2.4 to 18.3 m), averaging 28 feet (8.5 m).  Thin 

areas occur in Johnson, Miami, eastern Franklin, central Linn and Anderson counties, 

as well as southern Allen and southeastern Woodson counties.  Thick areas occur in 

western Franklin, northern Anderson, western Linn, and Bourbon counties (Appendix 

B).  Thin areas could be the result of incision into the Weir-Pittsburg interval from the 

overlying Tebo or Scammon intervals, or nondeposition.  The Weir-Pittsburg coal 

pinches out in the eastern portion of the study area, making correlation of the interval 

difficult.  Lange (2003) reported interval thicknesses in southeastern Kansas as 

ranging from 5 to 60 feet (1.5 to 18.2 m), averaging 20 feet (6.1 m). 

The Weir-Pittsburg interval encompasses 28 feet (8.5 m) of the Franklin 

County core (Appendix A).  However, the Weir-Pittsburg coal is absent at this 

location.  Lithofacies observed in the Franklin County core in ascending order are: 

bioturbated sandstone, pyritic black shale with minor interbedded heterolithic  
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sandstone, grading upwards into underclay facies (Fig. 3.14; Appendix A).  The 

Weir-Pittsburg interval is 25 feet (7.6 m) in the Rose Hill #1-6 core (Miami County; 

Johnson, 2004).  Lithofacies assigned to the interval in the Rose Hill #1-6 core in 

ascending order include: black shale sharply overlying the uppermost coal facies from 

the Bluejacket interval, heterolithic siltstone, underclay, heterolithic sandstone, black 

shale, and underclay facies.  The Weir-Pittsburg coal is also missing in the Rose Hill 

#1-6 core, but the upper surface of the coal is interpreted to correlate within the 

underclay facies of the underlying the Tebo coal, based on a high gamma ray 

response (150-300 API units; Johnson, 2004).  Lithofacies from the Weir-Pittsburg 

interval in the Cherokee basin are, in ascending order: gray shale, heterolithic 

siltstone and heterolithic sandstone, underclay, and coal (Lange, 2003).  

Weir-Pittsburg Coal  

 The Weir-Pittsburg coal exhibits a lenticular coal seam geometry.  Orientation 

of the coal seam is interpreted to parallel depositional dip (southwest; Fig. 3.15; Table 

3.1).  Regional depositional orientation is based on the NE-SW-trending sandstone 

channels of the Bronson-Xenia field in Allen County (Walton, 1996).  The SW-

trending fluvial channel closely underlies the Weir-Pittsburg coal and is inferred to 

trend perpendicular to regional depositional strike.  The Weir-Pittsburg coal is 

extensive over an estimated 3327 square miles and continuous over 1201 square miles 

(8617 and 3111 sq. km [36.1 %], respectively; Table 3.1).  Coal thickness in the 

Bourbon arch ranges from 0 to 3.5 feet (0 to 1.1 m), averaging 0.8 feet (0.2 m; Fig. 

3.06).  The Weir-Pittsburg has a symmetric distribution, with 51.7 % of the coal  
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isopach greater than the average thickness (Table 3.1).  Trends of thick Weir-

Pittsburg coal occur in the western portion of the study area (Woodson, western 

Franklin, and Anderson counties).  The coal pinches out eastward into Johnson, 

Miami, Linn, and Bourbon counties.  No distinct relationship is exists when the Weir-

Pittsburg coal isopach is superimposed on the coal’s basal structural contours; thicker 

coal isopach values are associated with localized structural highs and lows throughout 

the area.  On a regional scale, the Weir-Pittsburg coal is thicker in the western portion 

of the study area and pinches out to the east and northeast (Miami, Linn, and Bourbon 

counties).  The coal isopach generally parallels underlying structure contours across 

the Bourbon arch (Fig. 3.15).  In addition to non-deposition, the absence of coal may 

also be due to channel incision from the overlying Chelsea sandstone of the Scammon 

interval.  Lange (2003) described the Weir-Pittsburg coal as having a northwest-

trending, lenticular geometry paralleling the strike of Mississippian structure in the 

Cherokee basin.  However, coal thickness is much greater in the Cherokee basin, 

ranging from 0 to 6 feet (0 to 1.8 m), and averaging 1.5 feet (0.5 m; Fig. 3.06; Lange, 

2003).   

Ash content in the Bourbon arch is calculated to be 18.2 % (Fig. 3.04) based 

on one coal cuttings sample.  Sulfur content for the Weir-Pittsburg in the subsurface 

is not available within the study area.  Ash content in the Cherokee basin ranges from 

4.9 to 49.5, averaging 15.4 % (Fig. 3.04; updated and modified from Lange, 2003).  

Sulfur content in the Cherokee basin is 4.6 %, based on one core sample (Fig. 3.05; 

updated and modified from Lange, 2003).      
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3.2.5 Tebo Interval 

The Tebo interval extends from the top of the Weir-Pittsburg coal or base of 

the overlying black shale, to the top of the Tebo coal or base of the overlying black 

shale (Fig. 3.14).  These boundaries correspond to those of Huffman (1991) and are 

similar to those of Lange (2003).  The Tebo interval includes the black shale above 

the Weir-Pittsburg coal and Tebo coal (Fig. 3.02).  Thickness ranges from 0 to 40 feet 

(0 to 12.2 m), averaging 10 feet (3.0 m).  Thin areas occur in Bourbon County, 

whereas thicker areas are found in southern Woodson and Allen counties.  Overall, 

there is a marked trend of thickening from the northeast to the southwest, suggesting 

a regional NW-SE-oriented paleoshoreline (Appendix B).  Thin areas are due to 

incision of the overlying Chelsea sandstone of the Scammon interval, or from 

subaerial exposure and erosion within the Tebo interval itself.  Lange (2003) reported 

a similar, but thicker, Tebo interval in the Cherokee basin, ranging from 6 to 50 feet 

(1.8 to 15.6 m) and averaging 25 feet (7.7 m).   

In the Franklin County core, the Tebo interval is 6 feet (1.8 m) thick. 

Lithofacies assigned to the Tebo interval in the Franklin County core in ascending 

order include: pedogenically-altered black shale, underclay, and coal facies (Fig. 

3.14; Appendix A).  The 5 feet (1.5 m) of Tebo interval in the Rose Hill #1-6 core 

includes underclay facies followed by a coal facies.  The underclay facies at this 

location is interpreted as a composite soil horizon compounded with the underclay 

associated with the underlying (and absent) Weir-Pittsburg coal (Johnson, 2004).  

Lithofacies reported by Lange (2003) south of the study area include black shale 
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passing directly into gray shale, heterolithic siltstones and heterolithic sandstone, 

followed by an poorly developed underclay facies, and capped by the coal facies. 

Tebo Coal 

The Tebo coal exhibits lenticular coal seam geometry oriented roughly 

parallel to regional depositional strike (NW-SE; Fig. 3.16).  Coal extent is estimated 

to be 3841 square miles (9948 sq. km) while continuity is 1526 square miles (3952 

sq. km [39.7 %]; Table 3.1).  The Tebo coal is more continuous and better developed 

over and eastward of the underlying Weir-Pittsburg coal.  The Tebo pinches out in the 

far eastward portion of the study area (southeastern Linn and Bourbon counties).  

Coal thickness across the Bourbon arch ranges from 0 to 2.8 feet (0 to 0.9 m), 

averaging 0.8 feet (0.3 m; Fig. 3.06).  The Tebo coal has a symmetric distribution; 

62.7 % of the coal isopach is greater than the average thickness (Table 3.1).  

Consistently thicker coal trends occur in Anderson, Franklin, northern Miami, and 

southern Johnson counties.  As with the Weir-Pittsburg coal, absence of the Tebo is 

due to either non-deposition or overlying channel incision.  No correlation is evident 

when the Tebo coal isopach map is superimposed with the structure contour map of 

the base of the coal (Fig. 3.16).   

The Tebo coal in the Cherokee basin has an elongate geometry oriented 

oblique to depositional strike and dip, and thickens on basal Tebo structural highs and 

thins into structural lows (Lange, 2003).  Lange (2003) reported the thickness of the 

Tebo coal in the Cherokee basin ranging from 0 to 3 feet (0 to 0.9 m) and averaging 

0.9 feet (0.3 m Fig. 3.06).   
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Ash content in the Bourbon arch ranges from 11.6 to 23.1 %, averaging     

15.7 % (Fig. 3.04).  Sulfur content in the study area ranges from 3.2 to 8.7 %, 

averaging 5.9 % (Fig. 3.05).  Ash and sulfur contents were calculated at 64.7 % and 

1.4 %, respectively from one core sample in the Cherokee basin (Figs. 3.04 and 3.05, 

respectively; updated and modified from Lange, 2003).   

3.2.6 Scammon Interval 

The Scammon interval extends from the top of the Tebo coal or base of the 

overlying Tebo shale, to the top of the Scammon coal, or base of the overlying shale 

(Fig. 3.17).  These interval boundaries are consistent with those of the Scammon 

interval of Huffman (1991) and similar to those of Lange (2003).  The Scammon 

interval includes the black shale overlying the Tebo coal, the overlying Chelsea 

Sandstone, and Scammon ‘B’ and Scammon coal beds (Harris, 1984; Fig. 3.02).  The 

base of the Chelsea Sandstone, or its interfluve-equivalent, is considered a regional 

unconformity.  In the Savonburg NE field of Allen County, the tide-influenced 

estuarine valley fill of the Chelsea Sandstone trends NE-SW (Walton, 1996).  

Orientation of the Chelsea Sandstone (NE-SW) is interpreted to be perpendicular to 

regional depositional strike (NW-SE).  Thickness of the Scammon interval ranges 

from 9 to 80 feet (2.7 to 24.4 m) and averages 32 feet (9.8 m).  Thicker areas are 

sporadic, and occur in northern Woodson and Allen, southeastern Anderson, and 

southern Bourbon counties (Appendix B).  Thicker intervals are due to incision into 

underlying intervals and thick deposits of the Chelsea Sandstone.  Lange (2003)  
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reported similar thickness of 8 to 80 feet (2.4 to 24.4 m), averaging 38 feet (11.6 m) 

in southeastern Kansas. 

Lithofacies observed in 32 feet (9.8 m) of the Rose Hill #1-6 core in 

ascending order are: pyritic black shale, gray shale, heterolithic siltstone, heterolithic 

sandstone, underclay, and unidentified and uncorrelated thin coal.  Black shale 

overlies these facies, and becomes increasingly pedogenically altered upwards into 

underclay.  The black shale and underclay facies are, in turn, capped by a fining 

upwards succession of heterolithic sandstone, heterolithic siltstone, and another 

underclay (Fig. 3.17).  The Scammon coal is absent in the Rose Hill #1-6 core 

(Johnson, 2004).  The Scammon interval encompasses 22 feet (6.7 m) of the Franklin 

County core.  Lithofacies at this location in ascending order are: black shale (Tebo 

shale), gray shale, heterolithic siltstone, heterolithic sandstone, and underclay 

(Appendix A).  Facies observed in the Cherokee basin are similar to those observed in 

the Franklin County core (Lange, 2003). 

Scammon Coal 

 The Scammon coal exhibits an elongate seam geometry that is generally 

oriented parallel to depositional dip (southwest; Fig. 3.18).  Coal extent is estimated 

to be 3780 square miles (9790 square km).  Coal continuity is estimated to be 1307 

square miles (3385 sq. km), or 34.6 % of the extent (Table 3.1).  Coal thickness in the 

Bourbon arch ranges from 0 to 3.3 feet (0 to 1.0 m); averaging 0.8 feet (0.3 m; Fig. 

3.06).  The Scammon exhibits a symmetric distribution, with 54.5 % of the coal 

isopach greater than the average thickness (Table 3.1).  The low continuity of the  
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Scammon is attributed to proximity to active sedimentation of the Chelsea Sandstone.  

The depositional orientation of the Scammon coal is similar to the Warner and 

Bluejacket intervals.  Consistently thicker coal trends occur in northern Allen, central 

Anderson, northern Miami, and southern Johnson counties.  Comparison to the 

structure of the underlying Chelsea Sandstone shows little relation; the Scammon coal 

thickens over both structural highs and lows (Fig. 3.18).   

Lange (2003) described the Scammon coal in the Cherokee basin as having an 

“irregular” geometry oriented oblique to depositional strike and dip.  Thickness in the 

Cherokee basin ranges from 0 to 3 feet (0 to 0.9 m) and averages 1.0 foot (0.3 m; Fig. 

3.06; Lange, 2003).  The Scammon coal thickened on Chelsea Sandstone structural 

highs and thinned in structural lows (Lange, 2003). 

Ash content for the Scammon coal in the Bourbon arch is calculated at 13.6 % 

based on analysis of one core (Fig. 3.04).  Sulfur content for the Scammon in the 

subsurface is not available within the study limits.  Ash and sulfur contents for the 

Cherokee basin are 32.7 % and 5.9 %, respectively (Figs. 3.04 and 3.05; updated and 

modified from Lange, 2003).   

3.2.7 Mineral Interval 

The Mineral interval extends from the top of the Scammon coal or base of the 

overlying black shale, to the top of the Mineral coal or overlying black shale (Fig. 

3.17; 3.02).  These boundaries are consistent to those in Huffman (1991) and similar 

to those of Lange (2003).  Thickness throughout the Bourbon arch study area ranges 

from 6 to 42 feet (1.8 to 12.8 m), averaging 15 feet (4.6 m).  Thickness is relatively 
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consistent, with sporadic thicker intervals occurring in southern and western Franklin 

County as well as in southern Woodson County (Appendix B).  Lange (2003) 

reported thickness in the Cherokee basin ranging from 10 to 40 feet (3.0 to 12.2 m) 

with 19 (5.8 m) feet being most common. 

The Mineral interval encompasses 11 feet (3.4 m) of the Rose Hill #1-6 core 

in Miami County.  Lithofacies assigned to this interval in ascending order are: black 

shale, heterolithic siltstone, underclay, and coal (Fig. 3.17; Johnson, 2004).  In the 

Franklin County core, the Mineral interval is 16 feet (4.9 m) thick.  Lithofacies 

include two shoaling upward successions.  The first succession consists of black shale 

overlying the Scammon coal, grading up into dark mudstone-limestone facies, and 

then into underclay.  A second black shale, followed by gray shale, underclay, and 

coal facies subsequently overlie the underclay facies (Appendix A).  Lithofacies in 

the Mineral interval of the Cherokee basin in ascending order include: black shale, 

gray shale, heterolithic siltstone, heterolithic sandstone, underclay, and coal (Lange, 

2003). 

Mineral Coal 

The Mineral coal exhibits a slightly lenticular geometry oriented parallel to 

depositional strike (NW-SE; Fig. 3.19; Table 3.1).  Regional depositional orientation 

is approximated from the orientation of the underlying Scammon interval 

(depositional dip to the SW), and the southwest-trending “upper Skinner” sandstone 

of the McCune West Field, just south of the study area (Walton, 1996).  The “upper  
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Skinner” sandstone is stratigraphically positioned between the Mineral and 

Croweburg coals (Walton, 1996).  

The Mineral coal is more continuous (2166 square miles [5610 sq. km; 53.5 % 

of extent]) and better developed than the underlying Scammon coal, extending 4064 

square miles (10,526 sq. km) across the study area (Table 3.1).  Coal thickness in the 

Bourbon arch ranges from 0 to 3.7 feet (0 to 1.1 m); averaging 1.0 feet (0.3 m; Fig. 

3.06).  The Mineral has a symmetric distribution; 53.5 % of the coal isopach is greater 

than the average coal thickness (Table 3.1).  Consistently thicker coal trends occur in 

Allen, Anderson, northwestern Linn, southern Franklin, northern Miami, and Johnson 

counties.  The Mineral coal isopach was superimposed on the structure contour map 

of the base of the coal.  The Mineral coal shows localized thickening on the basal 

structural highs and thinning into structural lows (Fig. 3.19).  Absence of the Mineral 

is most likely due to non-deposition, but overlying channel incision and erosion 

associated with an overlying unconformity could be a factor.   

The Mineral coal in the Cherokee basin was described as having a lenticular 

geometry oriented parallel to depositional strike (Lange, 2003).  In the Cherokee 

basin, the Mineral coal ranges in thickness from 0 to 4 feet (0 to 1.2 m), averaging 1.4 

feet (0.4 m; Fig. 3.06).  Mapping showed that the coal thickens on basal Mineral 

structural highs and thins into structural lows in the Cherokee basin (Lange, 2003). 

Ash content of the Mineral coal across the Bourbon arch ranges from 12.2 to 

54.9 %, averaging 31.3 % (Fig. 3.04).  Sulfur content ranges from 2.0 to 4.8 %, 

averaging 2.4 % (Fig. 3.05) within the study area.  Ash content in the Cherokee basin 
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ranges from 10.4 to 36.8 %, averaging 20.1 (Figs. 3.04; updated and modified from 

Lange, 2003).  Sulfur content data for the subsurface is not available from the 

Cherokee basin.   

3.2.8 Croweburg Interval 

The Croweburg interval extends from the top of the Mineral coal or base of 

the overlying shale, to the top of the Croweburg coal.   The base of the overlying 

black ‘V’ Shale becomes the upper boundary when the Croweburg is absent (Fig. 

3.20; Angino, et al., 1981).  Boundaries are consistent with Huffman (1991) and 

similar to the V Shale interval of Lange (2003).  The Croweburg interval includes, in 

ascending order, the black shale overlying the Mineral coal, the discontinuous 

Fleming coal, and the Croweburg coal (Fig. 3.02).  Although the Fleming is 

regionally mappable in southeastern Kansas (Lange, 2003), it occurs only locally in 

eastern counties of the Bourbon arch study area.  The Fleming coal was not mapped 

across the Bourbon arch.  A regional unconformity is interpreted to occur between the 

Fleming and Croweburg coals.  This unconformity is recognizable in core as either a 

well-developed underclay facies or as the base of a thick sandstone underlying the 

Croweburg coal (section 3.2.7; Walton, 1996).  Regional depositional dip for the 

Croweburg interval is interpreted to trend toward the southwest based on the trend of 

the thick underlying sandstone. 

Thickness of the Croweburg interval in the study area ranges from 10 to 45 

feet (3.0 to 13.7 m), and averages 26 feet (7.9 m).  Thin areas occur in Bourbon, 

northern Allen, and southern Linn counties.  Thicker areas occur in Woodson,  
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southeastern Allen, northern Franklin, northern Linn, and Miami counties (Appendix 

B).  Observed interval thicknesses in southeastern Kansas range from 20 to 70 feet 

(6.1 to 21.9 m), with 40 feet (12.2 m) being most common (Lange, 2003). 

The Croweburg interval encompasses 32 feet (9.8 m) of the Rose Hill #1-6 

core.  Lithofacies of the Croweburg interval at this location in ascending order 

include: black shale grading into a sandy underclay, coal (Fleming?), black shale, 

thick underclay, another black shale, heterolithic siltstone, heterolithic sandstone, 

underclay, and coal (Croweburg).  This succession is partially illustrated in Figure 

3.20 (Johnson, 2004).  Lithofacies observed in 24 feet (7.3 m) of the Franklin County 

core in ascending order include: black shale, heterolithic siltstone, sandy underclay, 

and coal facies (Croweburg; Appendix A).  Lithofacies observed by Lange (2003) in 

the Cherokee basin in ascending order include: phosphatic black shale overlain by 

gray shale, heterolithic siltstone, heterolithic sandstone, underclay, coal (Fleming 

coal), black shale, gray shale, underclay, and another coal (Croweburg). 

Croweburg Coal 

 The Croweburg coal exhibits an elongate to slightly lenticular coal seam 

geometry oriented parallel to depositional dip (southwest; Fig. 3.21).  Coal extent is 

estimated to be 4067 square miles (10,534 sq. km).  Coal continuity is estimated to be 

52.8 % of extent, or 2146 square miles (5558 sq. km; Table 3.1).  Thickness of the 

Croweburg in the Bourbon arch ranges from 0 to 3.8 feet (0 to 1.2 m), averaging 1.0 

foot (0.3 m; Fig. 3.06).  The Croweburg has a symmetric distribution, with 52.8 % of 

the coal isopach being greater than the average thickness (Table 3.1).  Trends of  
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consistently thick coal occur throughout the study area, specifically in Bourbon, 

western Linn, eastern Miami, Woodson, and southern Franklin, counties.  A general 

correlation between thick Croweburg coal and high Croweburg basal structure 

contours and thin Croweburg coal and low structure contours is discernible (Fig. 

3.21).   The absence of coal is due to channel incision from overlying Squirrel 

sandstones of the Bevier and Mulky intervals (Fig. 3.02). 

Lange (2003) described the Croweburg coal in the Cherokee basin as having a 

similar lenticular geometry.  Thickness was reported to range from 0 to 3 feet (0 to 

0.9 m), averaging 1.0 foot (0.3 m; Fig. 3.06) in the Cherokee basin (Lange, 2003).  

Mapping revealed that the coal thickens on structural highs and thins into structural 

lows in southeastern Kansas (Lange, 2003).   

Ash content in the study area ranges from 6.6 to 73.0 %, averaging 32.7 % 

(Fig. 3.04).  Sulfur content in the study area is 2.9 %, based on one core sample (Fig. 

3.05).  Ash content in the Cherokee basin ranges from 11.1 to 27.7 %, with a mean of 

18.6 % (Fig. 3.04; updated and modified from Lange, 2003).  Sulfur content in the 

Cherokee basin is 3.1 % based on one core sample (Fig. 3.05; updated and modified 

from Lange, 2003).   

3.2.9 Bevier Interval 

The Bevier interval extends from the top of the Croweburg coal or base of the 

‘V’ Shale, to the top of the Bevier coal or base of the overlying shale (Fig. 3.20).  The 

Bevier interval corresponds to that of Huffman (1991) and is similar to that of Lange 

(2003).  The Bevier interval includes the laterally continuous ‘V’ Shale, Verdigris 
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Limestone, and Bevier coal (Fig. 3.02).  Bevier interval thickness ranges from 6 to 38 

feet (1.8 to 11.6 m) with 20 feet (6.1 m) being most common.  Thickest areas are 

located in Bourbon, southeastern Linn, and southeastern Allen counties (Appendix 

B).  In the Cherokee basin, Bevier interval thickness ranged from 5 to 24 feet (1.5 to 

7.3 m), and averaged 14 feet (4.3 m).  Lange (2003) interpreted a regional 

unconformity within the Bevier interval.  However, across the Bourbon arch, a 

regional unconformity was not observed in the Bevier interval. 

The Bevier interval encompasses 16 feet (4.9 m) of the Rose Hill #1-6 core 

and 13 feet (4.0 m) of the Franklin County core (Appendix A; Johnson, 2004).  

Lithofacies successions in the Bevier interval from both cores are similar.  In 

ascending order lithofacies include: phosphatic black shale, mudstone-wackestone, 

gray shale, underclay, and coal (Fig. 3.20; Appendix A; Johnson, 2004).  Lithofacies 

in the Cherokee basin are similar to those described in cores from the Bourbon arch 

with the addition of a heterolithic sandstone succession in the Cherokee basin.  

Lithofacies reported from southeastern Kansas include: phosphatic black shale, 

mudstone-wackestone, gray shale, heterolithic siltstone, heterolithic sandstone, 

underclay, and coal (Lange, 2003). 

Bevier Coal 

The Bevier coal has a NE-SW-trending, lenticular to slightly elongate coal 

seam geometry that extends over nearly all of the study area (4246 square miles 

[10,997 sq. km]; Fig. 3.22).  The Bevier is one of the more continuous coals across 

the Bourbon arch, with an estimated continuity of 3987 square miles (10,326 sq. km),  
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or 93.9 % of the extent.  Seam orientation of the Bevier trends NE-SW, however, 

relation to depositional orientation is indeterminate (Table 3.1).  Coal thickness in the 

Bourbon arch ranges from 0 to 3.7 feet (0 to 1.1 m); averaging 1.5 feet (0.5 m; Fig. 

3.06).  The Bevier has a symmetric coal distribution; 57.0 % of the coal isopach is 

greater than the average thickness (Table 3.1).  Thicker trends of the Bevier coal 

occur in Franklin, Allen, Anderson, and Linn counties.  When superimposed on the 

basal Bevier coal structure contours, the coal exhibits thickening on regional 

structural highs and thinning on regional structural lows.  Patterns of isopach thins 

and absences are due to minor incision from channels of the overlying Squirrel 

Sandstone (Fig. 3.22).   

Lange (2003) described the Bevier coal in southeastern Kansas as having a 

lenticular geometry similarly trending parallel to depositional dip.  Thickness was 

reported to range from 0 to 4.5 feet (0 to 1.4 m), averaging 1.5 feet (0.5 m; Fig. 3.06) 

in the Cherokee basin.  Lange (2003) concluded that the coal tended to thin into its 

own basal structural lows and thicken on structural highs. 

Ash content in the Bourbon arch ranges from 21.2 to 33.2 %, averaging     

26.9 % (Fig. 3.04), and sulfur values range from 1.9 to 5.6 %, averaging 3.8 % (Fig. 

3.05).  Ash content in the Cherokee basin ranges from 20.9 to 31.7 %, averaging   

25.3 % (Fig. 3.04; updated and modified from Lange, 2003).  Sulfur content values 

are not available for the subsurface Bevier coal in the Cherokee basin study area. 
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3.2.10 Mulky Interval 

The Mulky interval extends from the top of the Bevier interval to the top of 

the Mulky coal, or base of the overlying Excello Shale (Figs. 3.23; 3.02).  In 

southeastern Kansas, the Iron Post coal is in the Mulky interval (Lange, 2003), but is 

absent in the Bourbon arch study area.  The upper boundary of the Mulky interval is 

interpreted as a regional depositional uncomformity.  The Mulky interval boundaries 

are equivalent to Huffman (1991) and to Lange’s Excello interval (Lange, 2003).  

Within the Bourbon arch study area, thickness of the Mulky interval ranges from 48 

to 109 feet (14.6 to 33.2 m), averaging 81 feet (24.7 m).  Thicker areas include most 

of Woodson, Bourbon, Franklin, and Johnson counties, as well as eastern Linn and 

northwestern Miami counties (Appendix B).  Thickness of the Mulky interval in the 

Cherokee basin is slightly less, ranging from 25 to 130 feet (7.6 to 39.6 m) and 

averaging 63 feet (19.2 m; Lange, 2003). 

The Mulky interval encompasses 85 feet (25.9 m) of the Rose Hill #1-6 core. 

Lithofacies include four coarsening-upward successions. The first succession in 

ascending order consists of: pyritic black shale, gray shale, heterolithic siltstone, and 

heterolithic sandstone facies.  The second consists of gray shale, interbedded 

heterolithic siltstone and heterolithic sandstone, and bioturbated sandstone facies. The 

third consists of pyritic and fossiliferous black shale.  The fourth consists of pyritic 

black shale, gray shale, pedogenically altered heterolithic siltstone, underclay, and 

coal facies (Fig. 3.23; Johnson, 2004).  Lithofacies in the 102 feet (31.1 m) of the 

Franklin County core form three coarsening-upward successions.  The first  
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succession in ascending order includes pyritic and fossiliferous black shale, gray 

shale, fossiliferous black shale, and bioturbated sandstone facies.  The second consists 

of gray shale, heterolithic siltstone, and bioturbated sandstone facies.  The third 

coarsening-upward succession includes fossiliferous black shale, grading up into 

interbedded sandstone and siltstone, and underclay facies (Appendix A).  The Mulky 

coal is in the Franklin County core.  The Mulky interval in the Cherokee basin 

consists of only two successions: gray shale, underclay, and coal (Iron Post); and gray 

shale, black shale, wackestone and packstone, and coal facies (Mulky; Lange, 2003).  

The Mulky of the Cherokee basin overlies a limestone (Breezy Hill Limestone), 

which is not present in the Bourbon arch.   

Mulky Coal 

The Mulky coal exhibits a discontinuous, circular and pod-like seam geometry 

trending NW-SE (Fig. 3.24).  The coal extends an estimated 4133 square miles 

(10,704 sq. km).  Estimated continuity is than 2334 square miles (6045 sq. km), or 

56.5 % of extent.  The relation of coal seam orientation to depositional orientation is 

inconclusive (Table 3.1).  Coal thickness in the Bourbon arch ranges from 0 to 2.8 

feet (0 to 0.9 m); averaging 1.0 feet (0.3 m; Fig. 3.06).  The Mulky exhibits a 

symmetric coal distribution, with 56.5 % of the coal isopach greater than the average 

thickness (Table 3.1).  Relatively thicker Mulky coal areas occur in nearly every 

county except Bourbon.  Superimposing the Mulky coal isopach contours with Mulky 

coal basal structural contours illustrates two key relationships: 1) the Mulky appears 

to be more developed on localized structural highs and thinner in structural lows, and  
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2) NW-SE linear trends of thicker coal occur over and follow regional structural 

highs.  The Mulky pinches out to the southeast in Bourbon County.  Southeastward 

pinchout coincides with thicker underlying deposits of the Mulky interval (Fig. 3.24; 

Appendix B).   

Development of the Mulky coal may be partly influenced by tectonic 

adjustments across the Bourbon arch and Forest City basin.  Thick NW-SE isopach 

trends of the Mulky coal correlate to steep gravity and magnetic gradients oriented 

NW-SE and SW-NE across the study area (Fig. 3.24; Kansas Geological Survey, 

2004).   Mulky interval isopach thins (i.e. central Miami County) also correlate to 

gravity and magnetic gradient trends (Appendix B).  Changes in gravity and 

magnetism are attributed to basement fault displacement.  This displacement 

decreases up section from the Precambrian basement through the Pennsylvanian, 

suggesting syndepositional tectonic activity.  Localized fault movement was in 

response to episodic activity in the Ouachita orogenic belt to the south.  Minor fault 

movements affected Desmoinesian clastic sedimentation patterns in eastern Kansas 

(Merriam and Forster, 2002; Merriam, in press 2004), potentially including 

development of the Mulky coal.   

The Mulky coal in the Cherokee basin was described as having an irregular to 

circular geometry oriented both parallel to depositional strike and dip (Lange, 2003).  

Coal thickness in the Cherokee basin ranges from 0 to 2.5 feet (0 to 0.8 m); averaging 

0.8 feet (0.2 m; Fig. 3.06), and the coal was found to thicken on basal Mulky 

structural highs and thin into structural lows (Lange, 2003). 
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Ash content in the Bourbon arch ranges from 15.4 to 34.8 %, averaging     

22.2 % (Fig. 3.04).  Sulfur values are 4.5 %, based on one core sample from the study 

area (Fig. 3.05).  Ash content in the Cherokee basin ranges from 22.5 to 45.2 %, 

averaging 30.7 % (Fig. 3.04; updated and modified from Lange, 2003).  Sulfur of the 

Mulky coal in the Cherokee basin is 11.9 %, based on one core sample (Fig. 3.05; 

updated and modified from Lange, 2003).   

3.2.11 Summit Interval 

The Summit interval extends from the top of the Mulky coal or base of the 

Excello Shale, to the top of the Summit coal or base of the Little Osage Shale (Fig. 

3.23).  These boundaries correspond to the Summit interval of Huffman (1991) and 

Lange’s (2003) Little Osage interval.  In localized areas where the lower portions of 

the Summit interval are absent, the base of the Blackjack Creek Limestone is the 

lower boundary.  The Summit interval consists of, in ascending order: the Excello 

Shale, the Blackjack Creek Limestone, and the Summit coal (Fig. 3.02).  Interval 

thickness ranges from 0 to 29 feet (0 to 8.8 m), with 12 feet (3.7 m) being most 

common.  Thicker areas occur in a crescent-shaped swath from eastern Miami and 

northwestern Linn, to northern Anderson and southern Franklin counties, and is 

attributed to carbonate buildup or infilling by the Blackjack Creek Limestone 

(Appendix B).  The Summit interval in the Cherokee basin is thicker, ranging from 10 

to 45 feet (3.0 to 13.7 m), averaging 20 feet (6.1 m; Lange, 2003). 

The Summit coal was not encountered in either the Rose Hill #1-6 or Franklin 

County cores.  Lithofacies observed in the Summit interval (16 feet; 4.9 m) of the 
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Rose Hill #1-6 core in ascending order include: phosphatic black shale, mudstone-

wackestone, gray shale, mudstone-wackestone, and underclay (Fig. 3.23; Johnson, 

2004).  In the Franklin County core, black shale and coal lithofacies are absent and 

only carbonate facies are present.  Limestone lithofacies in the Franklin County core 

in ascending order include: wackestone, Chaetetid boundstone, and coarse-grained 

packstone-grainstone.  The total thickness of the Summit interval in the Franklin 

County core is 4 feet (1.2 m; Appendix A).  In the Franklin County core, the upper 

limit of the Summit interval is defined based on a radioactive (~170 API units) 

response directly above the packstone-grainstone facies.  Lithofacies observed in the 

Cherokee basin in ascending order include: phosphatic black shale, wackestone, 

packstone-grainstone, and carbonaceous shale (coal; Lange, 2003). 

Summit Coal 

The Summit coal exhibits a circular, pod-like coal seam geometry oriented 

NW-SE (Fig. 3.25).  The relation of seam orientation to depositional orientation is 

inconclusive.  Estimated seam extent of 4071 square miles (10,543 sq. km) is less 

than that of the Mulky coal.  Coal seam continuity is also less than that of the Mulky 

coal (1511 sq. miles [3913sq. km]), and approximately 37.1 % of seam extent (Table 

3.1).  Thickness in the Bourbon arch ranges from 0 to 3.2 feet (0 to 1.0 m), with a 

mean of 0.8 feet (0.2 m; Fig. 3.06).  The Summit has a symmetric coal distribution; 

57.3 % of the coal isopach is greater than the average coal thickness (Table 3.1).  

Thicker areas of the Summit occur in localized parts of Allen, Anderson, northern 

Linn, Miami, and Franklin counties (Fig. 3.25).   
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Relationships to underlying strata vary across the study area.  The coal 

isopach exhibits thinning into structural lows and thickening over structural highs in 

the southern portion of the area when superimposed on the structure contours of the 

underlying Blackjack Creek Limestone (Fig. 3.25).  In contrast, thicker coal is 

associated with underlying structural lows, while structural highs exhibit thinning of 

the Summit coal in the northern portion of the study area (Fig. 3.25).  When the 

Summit coal isopach is compared to the Summit interval isopach, a distinct trend of 

thick coal coincides with thicker areas of the Summit interval (Fig. 3.25; Appendix 

B).  This thick Summit interval trend, in turn coincides with Blackjack Creek 

Limestone structural lows, suggesting that both the Blackjack Creek and Summit coal 

were better developed in underlying paleotopographic lows in the northern part of the 

study area.  Similar to the Mulky coal, development of the Summit coal may have 

been partly controlled by minor syndepositional fault block movements.  NW-SE-

trending Summit coal isopach distributions are comparable to the Mulky coal (Figs. 

3.23 and 3.25).   Distribution patterns of the Summit coal and Summit interval 

correlate to trends in gravity and magnetic gradients (Fig. 3.25; Appendix B; Kansas 

Geological Survey, 2004).   

Lange (2003) described the Summit coal in the Cherokee basin as having an 

irregular, circular geometry trending parallel to both depositional strike and dip.  Coal 

thickness in the Cherokee basin was reported to range from 0 to 2.8 feet (0 to 0.9 

m)—averaging 1.0 foot (0.3 m; Fig. 3.06; Lange, 2003).  Lange (2003) concluded 
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that the coal tended to thin in the underlying limestone structure lows and thicken on 

the highs.   

Ash content is 74.1 %, based on one coal cuttings sample from the study area 

(Fig. 3.04), whereas sulfur content data is not available.  Ash content in the Cherokee 

basin ranges from 80.7 to 88.8 %, averaging 83.7 % (Fig. 3.04; updated and modified 

from Lange, 2003).  Sulfur content analysis is also not available for the Cherokee 

basin.   

3.2.12 Lexington Interval 

The Lexington interval extends from the upper limit of the Summit interval to 

the top of the Lexington coal or base of the overlying Anna Shale (Fig. 3.26).  The 

Lexington interval includes the Little Osage Shale, Higginsville Limestone, and 

Englevale (“Peru”) Sandstone and Lexington coal of the Labette Shale (Fig. 3.02).  A 

regional discomformity is interpreted to exist at the base of the sandstone. Interval 

thickness ranges from 11 to 84 feet (3.4 to 25.6 m), averaging 47 feet (14.3 m).  

Thickest areas occur in southeastern Bourbon County, thinning to the west and north 

(Appendix B).  Thick areas of the Lexington interval are attributed to development of 

thick Ft. Scott Limestone, which trends southwestward through Miami, northwestern 

Linn, Anderson, and northern Allen and Woodson counties; or deposition of thicker 

overlying sandstone.  The Englevale (“Peru”) Sandstone is thickest in Bourbon 

County and thins northwestward where it onlaps thicker portions of the Ft. Scott 

Limestone (Appendix B).  
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In Miami County, the Lexington interval encompasses 43 feet (13.1 m) of the 

Rose Hill #1-6 core.  Lithofacies observed in this interval in ascending order are: 

fossiliferous and pyritic black shale, gray shale, mudstone-wackestone interbedded 

with minor packstone and grainstone, underclay, fossiliferous black shale, heterolithic 

siltstone, heterolithic sandstone, underclay, and coal (Fig. 3.26; Johnson, 2004).  

Lithofacies of the 13 feet (4.0 m) of the Franklin County core in ascending order 

include: wackestone-packstone, pyritic black shale, heterolithic siltstone, and 

fossiliferous black shale (Appendix A).   

Lexington Coal 

The Lexington coal pinches out towards the southwest and is absent across 

most of the study area.  The Lexington exhibits a lenticular to pod-like coal geometry 

oriented NW-SE (Fig. 3.27).  The relation of seam orientation to depositional 

orientation is indeterminate.  Estimated extent of the Lexington is 1151 square miles 

(2981 sq. km), mainly due to the isolation of the coal to the northernmost portions of 

the study area.  Coal continuity is estimated to be 232 square miles (601 sq. km), or 

20.1 % of coal extent (Table 3.1).  The thickness of the Lexington coal in the 

Bourbon arch ranges from 0 to 2.5 feet (0 to 0.8 m), averaging 0.4 feet (0.1 m; Fig. 

3.06).  The Lexington exhibits a positively skewed distribution, with 84.2 % of the 

isopach greater than the average coal thickness (Table 3.1).  Thicker areas of the 

Lexington coal occur in the northern portion of the study area (Franklin, Miami, and 

southern Johnson counties).  The coal exhibits thickening on structural highs and  
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thinning into structural lows when superimposed on the structure contours of the 

underlying Ft. Scott Formation (Fig. 3.27).   

The Lexington coal isopach trends and distributions are similar to the Mulky 

and Summit coals, which correspond well to gravity and magnetic gradient trends in 

the study area.  Coal isopach trends and distributions suggest possible tectonic 

influence of coal development (Figs. 3.23, 3.25, and 3.27; Kansas Geological Survey, 

2004).  The Lexington coal was not described in the Cherokee basin study of Lange 

(2003), but the coal has been encountered during gas desorption sample collection in 

southeastern Kansas (K.D. Newell, personal communication, 2004).  

Ash content of the Lexington coal in the Bourbon arch ranges from 9.6 to 65.7 

%, with a mean of 35.9 % (Fig. 3.04).  Sulfur content is consistently 3.4 %, based on 

analysis from two cores within the study area (Fig. 3.05).  Ash content in the 

Cherokee basin, as calculated from one core in the region, is 18.9 % (Fig. 3.04; 

updated from Lange, 2003).  Sulfur data is not available for the Cherokee basin. 

3.2.13 Mulberry Interval 

The Mulberry interval extends from the upper boundary of the Lexington 

interval to the top of the Mulberry coal, or base of the overlying shale or limestone 

(Fig. 3.28).  The interval includes, in ascending order: the Anna Shale; Myrick 

Station Limestone, Mine Creek Shale, and Laberdie Limestone of the Pawnee 

Limestone; and Mulberry coal of the Bandera Shale (Fig. 3.02).  The interval ranges 

from 21 to 57 feet (6.4 to 17.4 m) thick, and averages 35 feet (10.7 m).  Thick areas  
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occur in southern Bourbon and Linn counties and are attributed to development of 

thick Laberdie Limestone (Appendix B).  

In ascending order, lithofacies interpreted from the Mulberry interval (29 feet; 

8.8 m) in the Franklin County core include: phosphatic black shale, mudstone-

wackestone, pyritic black shale, gray shale, underclay, heterolithic sandstone, 

packstone, mudstone-wackestone, packstone, underclay, and coal (Fig. 3.28).  In the 

Franklin County core, facies overlying the Mulberry interval include gray shale, 

heterolithic siltstone and sandstone grading upward into underclay within a 40-foot 

(12.2 m) interval beneath the Amoret Limestone Member of the Altamont Limestone 

(Appendix A).  Lithofacies in 36 feet (11.0 m) of the Rose Hill #1-6 core in ascending 

order include: phosphatic black shale, mudstone-packstone, black shale, gray shale, 

heterolithic sandstone, mudstone-wackestone, and underclay.  The Mulberry coal is 

absent.  The Amoret Limestone directly overlies the Mulberry interval in the Rose 

Hill #1-6 core (Johnson, 2004).  The expanded interval overlying the Mulberry 

interval in the Franklin County core and absence of coal in the Rose Hill #1-6 core 

suggests greater accommodation in the area surrounding the Franklin County core 

and less accommodation in the Miami County core. 

Mulberry Coal 

 The Mulberry coal exhibits a lenticular to pod-like, extensive (3617 square 

miles [9368 sq. km]) and laterally continuous (2046 square miles [5299 sq. km; 56.6 

%]) coal seam geometry oriented NW-SE (Fig. 3.29; Table 3.1).  Relation of the 

Mulberry coal to depositional orientation is indeterminate.  The thickness of the  
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Mulberry coal in the Bourbon arch ranges from 0 to 2.7 feet (0 to 0.8 m), averaging 

0.9 feet (0.3 m; Fig. 3.06).  The Mulberry exhibits a symmetric distribution; 63.5 % 

of the coal isopach is greater than the average thickness (Table 3.1).  Thicker areas of 

the Mulberry coal occur in a NW-SE trend across Franklin, Miami, Linn, eastern 

Anderson, and northern Bourbon counties.  The coal pinches out towards the 

southwestern portion of the study area.  The Mulberry coal exhibits thickening on 

structural highs and thinning into structural lows when superimposed on the structure 

contours of the underlying Pawnee limestone (Fig. 3.29).  The Mulberry coal was not 

described in the Cherokee basin study of Lange (2003), but the coal has been 

encountered and sampled for gas desorption in parts of southeastern Kansas.   

Ash content in the Bourbon arch ranges from 14.1 to 22.1 %, averaging     

18.4 % (Fig. 3.04).  Sulfur content is 2.4 %, based on one core sample from the study 

area (Fig. 3.05).  Coal thickness data are not available for the Cherokee basin.  Ash 

content ranges from 14.4 to 16.7, with a mean of 15.5 % (Fig. 3.04; updated from 

Lange, 2003).  Sulfur content was also not available from the southeastern Kansas 

study area. 
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