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Structure and Isopach Maps of the Mississippian “Big Lime
1 H H Al-Tawil, A A , 1998, High-resolution sequence stratigraphy of Late Mississippian
Type Geophysical Log (Newman Limestone/Slade Formation), Eastern Kentucky e e b R B e U
°00* onqy/ , e s , 82'30’ . nstitute and State University doztoral dissertation, A
wRE S 57 S8 55 60 er 62 63 64 65 66067 e 69 70 71 72®%73 74 75 76 77 7879 80 81 82 83 Be 5 . Eastern Kentucky Production Co. KF1001 EKPC Fee David C. Harris and Thomas N. Sparks Amermen, ML, and Keller, GR . 1875, Delneation ofRome-Troughin esstern
L ,| ' . T | | |. 1 : - - Kentucky witt, gravity ard deep drilling data: American Associatiori of
5 | : WOODFORD \ ' ‘ : I\ b i v | /|//_""_' m; S Permit 77124 Introduction Brrchl‘ai/tlrjl,‘,a;"gSGO?gZIga'fi?nSrl:i”pe g?tr\l’e?asgl%*g:; ?_?rie gas producing zone to
I | o ¥ LAWRENCE I ' Carter Coordinate Section: 11-J-76 Perrv County. Kentuck The maps included in this publication were made using stratigraphic data collected by  this regional dip are several prominent structures. Most obvious is the Paint Creek Uplift the lower Newman Limestone (Mississippian) of the Hyden West Pool area,
S o o : _ | _ . ! /\/_/\"\‘__ ‘ Ey oo T ] &l B a0t L y Y, y us from almost 8,000 wells as part of a regional stratigraphic study of the Mississippian  (Hudnall and Browning, 1924), which consists of an anticline in Johnson, Morgan, and ‘égsp"ecw"‘y* Kentucky:xLexington, Liniversity.of Gentdlakyy master s-thesis,
' | _ T Y R ' L\ 1 ] ' T = i ‘\/_i‘\:\/{ ' Slade Formation in eastern Kentucky. The data extend from the Mississippian outcrop belt ~ Magoffin Counties, and a nose extending south into Letcher and Pike Counties. Northwest Chesnut, DR, Jr., 1992, Stratigraphic and structural framework of the Carboniferous
. ] , By along the northwestern edge of the map area, to the state borders on the northeast. The  of the uplift is a syncline striking northeast—southwest. This feature corresponds to a shallower rocks of the central Appalachian Basin in Kentucky', Kentucky Geological
R / | ' R E southeastern border of the map area is marked by the Pine Mountain Fault. structure, the Allegheny Synclinorium, mapped by Chesnut (1992) on the Pennsylvanian Survey, ser. 11, Bulletin 3, 42 p. =
&= Formation tops data for these wells were collected from geophysical {electric) logs and  Fire Clay coal horizon. Conrad, M., Tebo, J., Heinecke, T, and Moshier, S., 1994, Tectonic influence on
88 Gamma Ray-Caliper LIOJ ~ | Neutron-Bulk Density ' ' drillers’ logs, and are available in electronic format from the Kentucky Geological Survey The other major structure is the Rockcastle River Uplift in northern Clay and eastern WardePasich dipk epriol Sevelgbmignt IBUL Ctawk Figld ¢ o s
Stratigraphic ’ ) I = . . ) A AR . : Limestone), eastern Kentucky—A model for future exploration [abs J: Amenican
. " (Harris and Sparks, 1997). In the subsurface this stratigraphic interval is commonly referred  Laurel Counties. This anticline lies on the upthrown side of the northeast~southwest-trending Association of Petroleum Geologists Bulletin, v. 78, p. 1328 .
------------- o SRR - 020 "P"": —— Units to as the “Big Lime” by drillers. Because this term is widely used in the oil and gas industry, = Rockcastle River Fault, which forms part of the southern boundary of the Cambrian Rome Dever, GR., Jr. 1999, Tectonic implications of erosionat and depositional features
Q GR-API 200 2 RHOB- "2 3 it will be used in this publication. Trough (McGuire and Howell, 1963; Webb, 1980; Maynor and MacQuown, 1983). Although in upp'ler Meramec!antanldéower Ehef(,?erian k(Miésfslsm[pialrl)srocks of sou1th-
' Regional geologic cross sections for the mapped area by Harris and Sparks (2000) were  the Rockcastle River Faultis predominantly downthrown to the northwest, it has a complex B Rle A S bee Rl KA RSHEY) SRR e IR
; ; ] A i history of reactivation and reversal (White and Drahovzal, 2001). The northern end of this P o
- previously published. These structural and stratigraphic cross sections were constructed 1 3 S Drahovzal, J.A, and Noger, M.C, 1995, Preliminary map of the structure of the
‘ —t @ from geophysical well logs and provide additional data {lithology, porosity) for the Big Lime. structure is marked by a sharp_ right-angle deflection in structural contours along the Clay- Precambriar: surface il eastern Keritucky: Kantucky Gsological Surveyy, ser.
= Th AN AN BAGEC frian s St St Mhs. strietital fiquration and thick Owsley County border, indicating a northwest—southeast-trending fault roughly orthogonal 11, Map and Chart 8, scale 1:500,000.
P 2 Breathitt 3 esige |rucfl#1€ N[I1 sagac mSIp 2 gs g et' efj LueiuC L‘.’O” '%“’ O"B.” . - nEe)sts. to the Rockcastle River Fault. This subsurface fault was previously recognized by Maynor Etterisohn, FR , 1981, MississippiarPer y sylvanian bourdary in northeastern
= Group > respectively, of the Mississippian Slade Formation (Newman Limestone or Big Lime). Data (19g4) and named the Right Fork Fault. This fault has been mapped at the Precambrian Kentucky, 1 Roberts, T.G., ed., GSA Cincinnati ‘81 field trip guideboaks, v.
1400 +— | o points used to make the maps are shown. The maps include both color shading and labeled  p- o montlevel by Drahovzal and Noger (1995) 1: Stratigraphy, sedimentology American Geological Institute, p. 195-257
= i e ‘ < contours. The structure map is contoured with a 50-ft interval, and the isopach with a 15- N ¥ . . Ettensohn. FR. Rice. C L. Dever. G.R. Jr. and Chesnut. D.R. 1984. Slade
< by ftinterval. Other structures apparent on the map include the Artemus Anticline in Knox County and and Paragon Fonnations—New stratigraphic nomenclattire for Mississippian
i Methodol a sérﬁ"er an}'ggée) "_}E'kz ?Oumy :Sts'olc':latel'd with ﬂ’t]ePt’an\l/l\llﬂts Flau" (%e_e,EQSI?J D:ja?OVde rsocks alon[g the goumbegland Escarpment in Kentucky: U.S . Geological
= P ethodology and Noger, . The Artemus Anticline lies west of the White Mountain Fault and trends urvey Bulletin 1605-B, 37 p.
= = Elevation of the top of the Slade Formation was interpreted from geophysical and drillers’  east-west, diverging significantly from the fault trend. The D'Invilliers structure is interpreted Frankie, W.T, 1990, Geologic controls on the thickness, lithology', and hydrocarbon
M % logs from selected wells in eastern Kentucky. Wells used in the study were selected based  as a left-lateral strike-slip fault on the basement map of Drahovzal and Noger (1995). potertiy ‘,’thgfir']V"f:,;sﬂﬁﬁ:g;‘si?'%#gitgf,ibﬂa;:rjﬁg‘jﬁggg pn
— 1,500 "ij on their location, data type, and age. In many parts of the study area there are more wells The structure of Pennsylvanian rocks in eastern Kentucky differs significantly from that Harris, D,C“Z;ﬂd Spa?ks,‘i‘.N,, 1997,ySubswface Zi,atigraphy ofthe'Misgésippian
g R j than are shown on the map. \Where both data types were available, geophysical logs (gamma  of underlying Devonian and Mississippian units. As mapped by Chesnut (1992, Fig. 15), in eastern Kentucky: Kentucky Geological Survey, Open-File Report OF -
LEE f‘_b ray, bulk density, neutron) were preferred over drillers’ logs. Density of welldatawas limited  Pennsylvanian rocks dip to the northwest from the Pine Mountain Fault, into a 97-03, 1 diskette.
2 - & to_ an average maximum of two we_lls per Carter coordlnatg section. For the top of the .Blg northeast-southwesttrending syncline located south of the Paint Creek Uplift (the Eastern Harris, D.C,, and Sparks, T'N., 2000, Regional subsurface geologic cross sections
— T g—}é Lime structure map, 6,577 data points were used. For the isopach map, 6,401 data points  Kentucky Syncline). The northwest dip is opposite from that of the underlying Big Lime céf thsls M|Ssllsés»pp'a" Sysf?rzn.&ppala%hgg Brta?:?' %ﬁfer?felnt;mky: Kentucky
7 | [ ' ‘ =l T were used. Stratigraphic picks are illustrated on the type geophysical log. structure. Based on the present relief on the Fire Clay coal, there has been a minimum of Hu dnaﬁ°fg°aang'éfz;vsn?;~ e afggr“‘ S e MRS
1,600 f The structure and isopach maps were contoured by computer using Petra mapping 1,600 ft of post-Pennsylvanian uplift along the southeastern edge of Kentucky. Structure Creek Upiift in Magofﬂng'Mbraan T A S e Kentucky
. ; software from Geoplus Inc. The maps are contoured from computer-calculated data grids,  at the Big Lime level shows no indication of the Eastern Kentucky Syncline or differential Geological Survey, ser .8, scale 162,500 ‘
. p P p grids, §e iy g y. ser.8, 62,500,
f\/—\’\ BREATHITT | ;. | derived from the actual data points. Because the interpolated grid is contoured, rather than  uplift in the southeastern part of the study area. dghersen, .87, 1995, PBe'troLg_raprm' Tacies, stratiraphy and)depor?rtlg_nal
| ' ' the actual data points, there may be some discrepancies between contour lines and data ; 5o environments of the Big Lime (Middle/Upper Mississippian) on the Pine
| ﬁJ— _fg Pennington points. The data grid for the structure map was calculated using a minimum curvature Th_'l_‘:";“t‘;]?:kg;;:i SLQG::N";‘:P aclbuibedionstatbaptiotaps dataifihe B Linard mg:{gg?g;gﬁhqugé ;Oumeast Kentucky: Lexington, University of Kentucky,
= — A algorithm. Because this method produced undesirable closures in areas of sparse data, a y : dfr c : X ' : , )
_ 1,700 St gd lculated usi | p lqorith bstituted i fp d the underlying unit (the Borden Formation, Warsaw Limestone, or Fort Payne Formation). Lee, KD.. 1980, Subsurface structure of the Eastern Kentucky Gas Field:
, grid calculated using a least squares algorithm was substituted in areas of sparse data. _ (ihe i IETIC ! ) Morgantown, University of West Virginia, master's thesis, 53 p
JACKSON I i i i i Thickness of the Big Lime ranges from 1 ft (from drillers’ log data on the Paint Creek Uplift i - : e
OWSLE Sne nodes egeicaictiledlising an octant seaicivmghodkiia maximumicl womils - Magoffin County) to 427 ft in southeastern Pike County. The Big Lime in general thickens Wac@uggp, W Os, and Peer; JL., 1993, Regignal gadlocghgeologicifactys
used per octant. A minimum curvature tension factor of 1 was used. The isopach map was ¢ niy; . o An ! control Big Lime stratigraphy and exploration for petroleum in eastern
o gridded using a least-squares algorithm, with an octant search method, two wells peroctant.  toward the southeast and southwest, parallel with structural strike. This thickening resulted Kentucky,gin Luther, M,K.,p ed., Proceedings of the technical sessions,
ROCKCASTLE The isopach grid was flexed (smoothed) with a flex factor of 2. The grid size for both maps ~ from greater subsidence in the central Appalachian Basin during deposition. &enttucty 8” alnd QalssASSOC|atlon1414tg ann.u?:p mslgnr;g, Jténe 111_218' 1980:
% is 272 columns by 211 rows, with a grid cell size of 1,000 m. Thus, features smaller than Deviations in thickness from the regional trend are common. Thickness of the Big Lime Maor er”é’cky 158?%3(":;:%;82 : bper‘;': e”e'cla = f’tgé T
gt B 1,800 the grid cell size will not be resolved on these maps. was influenced by four main factors: regional subsidence, preexisting erosional topography, Y Rver UpiRt st ea, goutheastem Kentucky: Lewington, Lfversity on Keniucky
N e coeval tectonics, and post-Mississippian erosion. For a more in-depth discussion of tectonic master’s thesis, 126 p. ’ : '
| Limitations of the Maps _ o L o _effects on Mississippi_an carbonate deposition, see Dev_er (1999). A large area of thinr!ing Maynor, GK , and MacQuown, W.C., 1983, Paleozoic history of the Rockcastle
|' These maps should be interpreted in light of the limitations of computer-based gridding  is centered in Magoffin County, and extends to the east into Johnson and Floyd Counties, River Uplift in eastern Kentucky: Proceedings of the Appalachian Basin
and contouring. First, data density varies widely across the area. in areas of sparsedata,  and south into Knott County. This area of thinning generally corresponds to the Paint Creek Industrial Associates fall meeting, v. 5, p. 95-107.
values are extrapolated, often over large distances, from neighboring wells. Caution should  Uplift, although it is offset to the south and west ?rom the present-day crest of the structure. MCFaflla“-AHC-' and W?,kar' ';-'"4 195§k30mek°'dGChfS‘?f Fl"é’b"?ms-c‘g 'e‘alf'oﬂs
1,900 | ¢ quudsed in these areas. In pfartlcular. c:(lo?eg Tgh ar?_cz Iovlv features may betﬁrtlf?c(tjs ofthe  Thinning over the Paint Creek Uplift is the result of both depositional thinning and erosion 2 long 6t peeastem elt of outcrop’ Kentucky Geological Survey ser. 9, Bulletin
[ © gridding process in areas of poor control. Data quality also varies across the study area,  at the pre-Pennsylvanian unconformity. Cross sections over the uplift document this erosion; ’ ' : :
N | Little Lime a because of the source of the formation picks. The data source is indicated by the well  Big Lime carbonates are directly overlain by Pennsylvanian sandstones (Harris and Sparks, it NPT A T R e o g e = Lk
el a - i) : . L . : y: Lexington, Ky., Spindletop h
f i = ] N = symbol shown on the maps. Solid circles indicate data obtained from geophysical logs  2000). The thinning indicates the uplift was positive during the Mississippian, and remained Center, 216 p.
! PenciCave | o (more accurate), and open circles indicate data from drillers’ logs. As is the case with all  so through the Pennsylvanian. The offset between the area of maximum thinning and the Moshier, S.0, and Stamper, M.E., 1994, Depositional facies and porosity
L! ) : . ‘ shale w grnd-basegd maps, some data points may not be honored by the_ contours. The triangulation- present crest of the Paint Creek structure suggests the structure may have shifted since development at Coon Creek. Field (Newman “Big Lime”), Leslie County,
! — | I ] = 2,000 = based gridding method used for these maps was chosen to minimize this problem. the Mississippian. The thin areas along the northwestern edge of the study area in Rowan, Kentucky [abs.]: American Association of Pelroleum Geologists Bulletin, .
*| ™ %, LETCHER ‘ g ¥ = Suibsurface faults were not interpreted in these maps. Mapped surface faults are shown  Elliott, Morgan, and Wolfe Counties lie along the Waverly Arch (Woodward, 1961), which Nich;z'oﬁ' ;?21'983 o thdet el ot R R A sy LA AN
o PULA 5K/ - i B s : ‘ in red, but these features were not included when the data were contoured. Surface faults ~ was a positive feature during the Mississippian (Ettensohn, 1981; Dever, 1999). Lime” and Borden %yroup (Mississippian) 4nd pre-Chaltanoogg
| ft% - Big Lime are shown only for reference, since most of these faults extend to the Mississippian and Thinning of the Big Lime is also apparently associated with the Rockcastle River Uplift (Silurian-Dewonian ) of Knox, Laurel, and Whitley Counties, Kentucky:
‘ : ‘ will affect the Big Lime. In some areas, the presence of a subsurface faultcan be inferred  around the intersection of Clay, Jackson, and Owsley Counties. As noted for the Paint Creek Lexington, University of Kentucky, master’s thesis, 188 p. o
| — - g gkﬁl 83 L by sharp deflections and tight spacing of contours. Uplift, the area of maximum thinning does not coincide with the present-day crest of the Pear;é}b"diseq' o':fag;‘;’tzr“:r,gg‘;"'t'g‘gk;‘_’fgggg‘t’rhc')‘l‘i;’eargits'ogug'stﬂ:?;gg gﬂc'lsusi_'vs;'eprﬁ’t'%”f
J 2,100 . Rockcastle River Uplift. The present anticlinal structure is located southeast of the main the | N G M [ Chesteribniakexkal
> ) Stratigraphy e ot = e 2 AL e lower Newman Group (Meramecian, lower Chesterian): Lexington,
, , , .. L , g. The western end of this Big Lime thin turns south and crosses the anticline, University of Kentuc'sy, master's thesis, 98 p.
G q / G ‘ . The Big Lime is a drillers’ term for Mississippian limestones and dolostones equivalent  contiluing to form a distinct linear thin extending south to the Artemus structure on the west Smith, L.B., A-Tawil, A.A., and Read, J.F., 2001, High-resolution sequence
| _ — to several formations defined from outcrop exposures in eastern Kentucky. Much previous  gjde of the VVhite Mountain Fault in Knox County. The thin is not reflected on the Big Lime stratigraphic setting of Mississippian eolianites, Appalachian and lllinois
T RUSSELL . 7o et Mo rotantwiosk ite (oo Moy L ooastone o oulesgpe along Pine Mountu,  Siucture map, but may be:associated with a:sufislrface-extension of theWhiterKoitein Bagke, M1 bpn. LE Kaim T angTouns DU ede Mernang
: . - More r » Fault. i ; . e ’ - e
i i y i diagenesis: Society for Sedimentary Geology (SEPM) Special Publication
2,200 +— . and assigns carbonates in east-central Kentucky to the Slade Formation (Ettensohn and The Big Lime also thins somewhat across the Perry County Uplift, in northern Perry 71p. 167181,
B ‘ [ & ! I?g;re\:iiggg ‘!I')h;- %easgrégcneomggpeider;?t:lr;?orggﬁ%tt:letﬁixaggstgs tr’:jei\g??a?rr;:t?gnss I-?ﬂ: County and southern Breathitt County, The Perry County Uplift is a fault-bounded basement Smosna, R,, 1996, Play Mgn: Upper Mississippian Greenbiiar/Newman Limestones,
| I top of the Big Lime occurs at the base of the drillers’ Pencil Cave shale, which is equivalent ~ 1igh that developed in the Cambrian, forming part of the southern boundary of the Rome gasge\?\'/‘gs'?\"}i?g?r?i;’v gékcﬁggiadgl"ai%sécm%ritif %var:f bt 95, o
| = o — = [ 81 to the Hardinsburg Sandstone of McFarlan and Walker (1956) and the Maddox Branch ~ [rough (Ammerman and Keller, 1979). Thinning across this structure was also noted by 37.40. ! il
-i_ Member of the Siade Formation (Ettensohn and others, 1984) (see type log). The Pencil S&:rré?iﬁgl)'a;rglgsemsq(ﬁactt?;?:%m;ilzgaggrxﬁ{??tﬁ;tg?klép(ggSx{;‘na;n?t)'\{lés:éstsal%%:pé;h&ntlgg Tebo%J., ?@ark,” TﬁJ and Yough, (:fh199t4' E;((plo;atii?n[cgns]idAerations for Newraan
- . . . : i i i i ia Li ver a similar- _ 0 _ ig Lime” oif reserves in southeastern Kentucky [abs.): American Association
E Blg Lime HYdrocarb_On PrOdUCtlon Map - 2,300 - Borden gi‘éi:igf;t'igﬂzeoﬁcggexhisc%b% ggﬁilgttreat:?li’: %2:gilr;?;i%rér:};aeigngntgzégﬂf;i(t:glelEiqgsl-;mng Big Lime isopach map. The Pike County structure does not appear to have influenced Big of Petroleum Geologists Bulletin, . 78, p. 13341335,
HARLAN L was commonly noted by drillers in wells without modern logs. The Pencil Cave shale is  Lime deposition. Vst MB. tﬁoot?. Sub?&rfag;a i?ara?geriz?;ion of a ?(ewtclakstic, gans-grr]odutcir:g
. ) E
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