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INTRODUCTION 

Core study of the upper part of the Middle Ordovician Viola 

Limestone in three wells in McClain and McClain SW fields, Nemaha 

Co., Kansas is presented at the request of the Wichita, Kansas 

office. The cores ar~ from the Pendleton Land and Exploration 

McClain #1 and the Petro Lewis Potts #1, both of McClain field, 

and the Cities Service Wessel "A" #1 of McClain SW field. Both 

fields are located along the western flank of the Forest City 

basin in northeastern Kansas (Fig. 1). 

The stratigraphy, structural history, and paleogeographic 

setting of the study area were presented by Daryl Duvall and 

Roger Boeken in an April, 1983 company report. Additionally, 

they discussed the discovery (December, 1981) and production 

history of McClain field. Duvall and Boeken stated that McClain 

field is a structural trap producing from the Viola Dolomite 

(atN3450') and Upper Simpson Sandstone (attV3650'). The Viola 

averages 150'-160' thick, unconformably overlies Middle Ordovician 

Simpson rocks, and is abruptly overlain by the Upper Ordovician 

Maquoketa Shale. There are 14 producing wells in the McClain 

field. Two wells were drilled in the McClain SW field; neither 

of these wells is currently producing. 

CORE DESCRIPTION AND WIRELINE LOG ZONES 

Using wireline logs Duvall and Boeken recognized four zones 

in the upper part of the Viola in McClain field (Fig. 2). In 
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Figure 1. Location. of McClain and McClain SW fields on the 
western flank of the Forest City basin, Nemaha Co., 
Kansas. 
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Figure 2. Duvall and Boeken's wireline log zones for the upper 
part of the Viola Limestone, McClain field, Nemaha 
Co., Kansas. 



descending order these zones are: the "uppermost Viola" referring 

to the uppermost 10'-12' of the Viola characterized by low porosity 

and permeability, the "main porosity zone" which is the producing 

interval where it falls above the oil/water contact, the "tight 

streak", and the "lower porosity zone". These zones are indicated 

on wireline logs for the McClain tl, Potts #1, and Wessel "A" 

tl in Figure 3. In addition, these zones can be identified 

in core (Figs. 4-6). 

Duvall and Boeken's uppermost Viola zone was cored only 

in the Wessel "A" tl where it corresponds to core unit VI (Fig. 6). 

Unit VI is an argillaceous, medium to finely crystalline dolomite 

with poor permeability and poor to negligible porosity. The 

unit is a burrowed, echinoderm wackestone (Pl. I A). To what 

extent this zone might act as an imperfect seal above the main 

porosity zone is uncertain. However, oil staining is present 

in the upper 4.5' of Unit VI suggesting the uppermost Viola 

in this well does not form a perfect seal above, but rather 

is in communication with, the main porosity zone reservoir. 

The main porosity zone was cored, at least in part, in 

all three wells (Figs. 4-6). It is a medium to coarsely crystalline 

dolomite with fair to good porosity including biomoldic, inter­

granular, fracture, and vuggy. In places the zone is mottled. 

Depositional textures are difficult to distinguish due to pervasive 

dolomite and in places strong oil staining. For the most part, 

the zone appears to have been an echinoderm packstone and grain­

stone (Pl. I B, C, and D). Porosities in this zone are highest 
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in the McClain #1 and Potts #1. 

Duvall and Boeken's tight streak which separates the main 

and lower porosity zones is, as they stated, "not uniformly 

tight in all wells" (Figs. 4-6). This zone is a mottled (biotur­

bated), medium crystalline dolomite and was probably an echinoderm 

wackestone, packstone and locally grainstone (Pl. II A and B). 

Again, depositional textures are obscured by pervasive dolomite. 

Porosity in this zone is generally poor and includes biomoldic 

and less commonly, intergranular, vuggy, and fracture. 

The upper part of the lower porosity zone is a medium to 

coarsely crystalline dolomite and has fair to very good porosity 

including intergraiular, moldic, and fracture. This zone appears 

to have been an echinoderm grainstone and packstone. Planar 

and low-angle cross-stratification are generally present (Pl. II 

C and D). The lower part of the lower porosity zone includes 

two lithologies: mottled, medium crystalline dolomite (echinoderm 

wackestone/packstone) with fair porosity including biomoldic, 

fracture, vuggy, and in places intergranular (Pl. III B), and 

finely crystalline dolomite mudstone with intercrystalline and 

fine moldic porosity generally too small to be visible on the 

slabbed core surface (Pl. III A). 

Below the lower porosity zone the Viola is a mottled (biotur­

bated), medium crystalline dolomite, probably bioclast wackestone 

and mudstone, with poor to negligible porosity (Pl. III C). 

Because the zones of Duvall and Boeken were defined on 
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PLATE I. 

A. 

B. 
C.&D. 

Burrowed {B), argillaceous, medium to finely crystalline 
dolomite (echinoderm wackestone) of the uppermost 
Viola zone (Wessel "A" il, (left) 3492.3' and (right) 
3496.3'). 

Oil stained, medium to coarsely crystalline dolomite 
(echinoderm grainstone, packstone, and in places wacke­
stone) of the main porosity zone, porosity includes 
biomoldic (M), intergranular, vuggy (V), and fracture 
(F) (B: McClain il, 3501.2'; C: Wessel "A" il, (left-wet 
sample) 3499.3' and (right) 3500.3'; D: Potts il, 
34 57 I) • 

Slabbed cores are 3" to 3.5" in width. 
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PLATE II. 

A. and B. Burrow mottled, medium crystalline dolomite 
(echinoderm wackestone) of the tight streak, note 
patchy distribution of porosity with better porosity 
in the more coarsely crystalline, light-colored areas 
(A: Wessel "A" #1, 3513' ( sample on left is wet); 
B: Potts #1, 3463'). 

C. and D. Low-angle cross-stratified and planar laminated, 
coarsely to medium crystalline dolomite (echinoderm 
grainstone) of the upper and middle parts of the lower 
porosity zone (C: McClain #1, 3514.5'; D: Potts #1, 
3481'). 

Slabbed cores are 3" to 3.5" in with. 
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PLATE III. 

A. and B. Fine to medium crystalline, dolomite mudstone 
(and wackestone?) of the lower part of the lower porosity 
zone, note white chert nodule, fractures, and red 
staining (R) in photo A and burrow mottling in samples 
in photo B (A: Potts il, 3490'; B: McClain il, (left) 
3522 and (right) 3520.8. 

C. Mottled, fine to medium crystalline dolomite (bioclast 
wackestone) below the lower porosity zone (McClain 
il, 3544'). 

Slabbed cores are 3" to 3.5" in width. 
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DUVALL AND 
BOEKEN'S ZONES 

UPPERMOST 
VIOLA 

MAIN POROSITY 

ZONE 

TIGHT STREAK 

LOWER POROSITY 

UNNAMED ZONE 

BELOW 

LOWER POROSITY 

TABLE I 

GENERAL DESCRIPTION (CORE) 

ARGILLACEOUS, MEDIUM TO COARSELY CRYSTALLINE DOLOMITE (ECHINODERM 
WACKESTONE) WITH POOR POROSITY INCLUDING BIOMOLDIC AND RARE VUGGY. 

MEDIUM TO COARSELY CRYSTALLINE DOLOMITE (ECHINODERM PACKSTONE 
AND GRAINSTONE) WITH FAIR TO GOOD POROSITY INCLUDING BIOMOLDIC, 
INTERGRANULAR, FRACTURE, AND VUGGY. 

MOTTLED (BIOTURBATED), MEDIUM CRYSTALLINE DOLOMITE (ECHINODERM 
WACKESTONE, PACKSTONE AND LOCALLY GRAINSTONE) WITH GENERALLY POOR 
POROSITY INCLUDING BIOMOLDIC AND LESS COMMONLY VUGGY, INTERGRANULAR, 
AND FRACTURE. 

FINE TO COARSELY CRYSTALLINE DOLOMITE; UPPER PART IS LOW-ANGLE 
CROSS-STRATIFIED AND PLANAR LAMINATED (ECHINODERM AND OOIDC?) 
GRAINSTONE) WITH FAIR TO VERY GOOD POROSITY INCLUDING MOLDIC, 
INTERGRANULAR, AND FRACTURE. LOWER PART IS MOTTLED (ECHINODERM 
WACKESTONE/PACKSTONE AND DOLOMITE MUDSTONE) WITH FAIR POROSITY 
INCLUDING BIOMOLDIC, FRACTURE, VUGGY, AND INTERCRYSTALLINE. 

MOTTLED CBIOTURBATED), MEDIUM CRYSTALLINE DOLCJ,1ITE (BIOCLAST WACKESTONE 
AND MUDSTONE) WITH POOR TO NEGLIGIBLE POROSITY INCLUDING BIOMOLDIC, 
VUGGY, INTERCRYSTALLINE, AND FRACTURE. 



the basis of wireline log porosity they do not, in all cases, 

coincide with core units which are defined by a number of criteria 

including carbonate rock type, sedimentary structures, grain 

types, argillaceous content, and porosity. Still, there is 

a correlation between wireline log zones and lithology as described 

above and summarized in Table I. 

DEPOSITIONAL ENVIRONMENT 

Bioturbation and biota (echinoderms, brachiopods, and bryozoans) 

in most of the upper part of the Viola in this study suggest 

deposition on a relatively shallow, open-marine shelf in waters 

a few meters to a few tens of meters deep. Burrow mottled, 

bioclast wackestone and packstone within and below the lower 

porosity zone and within the tight streak reflect deposition 

below wave base in relatively quiet marine waters. Deposition 

in shallow, more agitated, marine waters near or above wave 

base is suggested by planar and cross-stratified grainstone 

of the lower porosity zone and grainstone/packstone of the main 

and lower porosity zones. Mudstones of the lower part of the 

lower porosity zone may record shallow, restricted subtidal 

deposition. 

The uppermost Viola in the Wessel "A" il records increased 

detrital influx, the upper 0.5' of the Viola becoming progressively 

more argillaceous upward toward an abrupt contact with overlying 

shale and fine sandstone of the Maquoketa Shale (Fig. 6 and 
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PLATE IV. 

A. 

B. 

Parallel laminated fine sandstone and shale of the 
lower part of the Maquoketa Shale (saw marks visible 
on slabbed surface) (Wessel "A" il, 34 85. 5') • 

Contact (C) of the Viola Limestone (uppermost Viola 
zone) and overlying Maquoketa Shale, note pyritized 
skeletal debris just above contact and the disrupted 
nature of the Viola (Wessel "A" #1, 3486.5'). 

Slabbed cores are 3" to 3.5" in width. 
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· · Pl. IV A and B) • The upper O. 5' of the Viola has a disrupted ....... 
' i ; 

v appearance which may be due to bioturbation (or alternatively 

-~ dissolution of carbonate and infill of subsequent cavities by 
\,) 

~ argillaceous material?). Pyritized skeletal debris at the Viola/ 
~ 
~ Maquoketa contact reflects reducing conditions and perhaps slow 
~ 

J 

~ deposition. Slightly deeper water shelf deposition is suggested 
I • -

..,t"> ~~ by parallel laminated fine sandstone and shale of the lowermost 
v 
~' ~ Maquoketa Shale. 

~- -~ 
! ~ (V 
,·· ., ~ 

~ DIAGENESIS 
'C' 

-'.. 
~ N ,..; 

' ~ ~ Fine to coarsely crystalline dolomite composes over 95% 
· . ._, 

2 ~ of the Viola in cores from this study. It replaces both micrite 
~~ 

::;; matrix and grains and appears to occur as void-filling cement. 

------~{ "-' \ ' 

~j: For the most part, the dolomite is thought to have formed relatively 
~ ~ 
>::s~ early in the fresh water-marine phreatic mixing zone (Fig. 7). 

{\Qj i 
:-.i:w 

l.. 

~ 

Depositional textures (e.g., grains and types of porosity) are 

difficult to distinguish due to pervasive dolomite. 

Primary intergranular porosity is important in the main 

and upper part of the lower porosity zones. It is negligible, 

however, in the uppermost Viola and in mudstones and wackestone 

of the tight streak, lower porosity zone, and interval below 

the lower porosity zone. Intergranular porosity in grainstones 

and packstones of the porous zones may be partially filled by 

dolomite. 

Secondary biomoldic porosity occurs throughout the upper 
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Figure 7. Idealized, shallow-subsurface, carbonate diagenetic 
environments, not to scale. 
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PLATE V. 

A. and B. Biomoldic (M) and intercrystalline (X) porosity 
in medium to finely crystalline dolomite (echinoderm­
brachiopod wackestone) below the lower porosity zone, 
note partially leached and silicified brachiopod fragments 
in photos A and Band echinoderm mold in the upper 
part of photo A. Blue epoxy fills most of the porosity 
(A: Potts il, 3494.1'; B: McClain il, 3532.2'). 

C. and D. Biomoldic (M) and intergranular (I) porosity 
in medium to coarsely crystalline dolomite (echinoderm 
CE) grainstone) of the main porosity zone (photo C) 
and tight streak (photo D), blue epoxy fills most 
of the porosity (C: McClain il, 3501.8; D: Potts il, 
3461.4'). 

Long dimension of field of view in photomicrographs is approximately 
3 mm: magnification is 18.7 x. Photos taken under plane light. 
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part of the Viola in all of the zones recognized by Duvall and 

Boeken. Intercrystalline, vuggy, and fracture porosity though 

significantly less important volumetrically (excluding the lower 

part of the lower porosity zone where intercrystalline porosity 

may be important), likewise, occur throughout much of the upper 

part of the Viola. Secondary biomoldic, intercrystalline, and 

vuggy porosity is thought to have formed after the major phase 

of dolomite formation and records relatively early, fresh-water 

dissolution of undolomitized grains (resulting in biomoldic 

porosity) and micrite matrix (resulting in intercrystal~ine 

porosity) in the fresh water phreatic zone. Fractures are vertical, 

commonly hairline, equally numerous in cores from all three 

wells, and probably formed during structural deformation of 

the area. A later stage of dolomite formation may have occurred 

represented by coarsely crystalline dolomite present in some 

vugs. Photomicrographs of porosity types are shown in Plate 

v. 
There does not appear to be evidence of a late, post-fracturing 

"secondary recrystallization" and porosity formation discussed 

by Duvall and Boeken. The higher porosities in the structurally 

higher wells, reported by Duvall and Boeken, may be due to greater 

fresh-water dissolution of carbonate or better primary intergranular 

porosity on the upper part of an Ordovician paleohigh whose 

location approximates that of the present structure at McClain 

field. 
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contour interval= 20 feet 

FIGURE 2-Viola structure McClain and McClain SW fields, 
Nemaha County, Kansas. Arrows indicate wells in which the 
upper pan of the Viola Limestone was cored. 
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GENERAL DESCRIPTION 

VIII 

Irregular-shaped layers and lenses of gray, 
coarsely crystalline dolomite alternating with greenish 
gray, argillaceous, medium crystalline dolomite. 
Depositional textures of both lithologies are difficult 
to distinguish due to pervasive dolomite. Coarsely 
crystalline dolomite areas are strongly oil stained 
and have fair to good porosity. The porosity appears 
t o be mainly biomoldic and intergranular; fracture 
and vuggy porosities are also present . . These areas 
were probably echinoderm packstone and grainstone 
with rare brachiopods. The argillaceous lenses and 
layers were echinoderm wackestone with rare brachiopods. 
Argillaceous areas have negligible porosity and are 
not oil stained. The ratio of coarsely crystalline, 
porous layers and lenses to argillaceous ones is 
3:7 below 3507' and 7:3 above. 
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by vertical burrows. Greenish gray argillaceous 
material occurs as laminae in the lower part of the 
unit and is concentrated along stylolites in the 
upper part. Porosity is fair to good and appears 
to include intergranular and moldic. Vugs and fractures 
are rare in the lower part of the unit. In places 
(e.g., 3517'), molds are circular to slightly elliptical 
in cross section and may be leac hed ooids. In addition, 
ghosts of echinoderms are seen in the upper 2' of 
the unit. , Elsewhere, however, grains can not be 
distinguished due to pervasive dolomite. The unit 
was probably a grai nst one. Oil staining is patchy 
and increases upward in the unit. 

Light gray/gray, mottled, medium t o coarsely 
crystalline dolomite locally with greenish gray argil­
laceou·s laminae. Light gray areas are coarser crystalline 
and have higher porosity (in places good); gray areas 
are medium crystal line generally with negligible 
porosity, thus resulting in the rock's mottled character. 
Por os ity is poor to fair overall. Due to pervasive 
dolomite, grains and porosity types are difficult 
to distinguish. Most porosity is thought to be biomoldic, 
however, areas are seen in thin section that appear 
to have biomoldic and intergranular porosity. Fractures 
are generally hairline and vugs are rare. Echinoderms 
are rarely visible on the slabbed core surface but, 
in thin section ghosts of echinoderms are significantly 
more numerous. The unit appears to have been an 
echinoderm wackest one/packstone. 

y Grdy to olive-gray , argilla seous dolomit e with 
greenish gray , wispy, argillaceous laminae. Bioclasts 

9.0 15 are rare. Intercrystalline and fine moldic porosity 
may be present but are not re~dily visible on slabbed 
core surface. A domal shaped, compactional (7) feature 

-t---t--t--.-_.-'-..,.---1-t+--,'--l---tt-8_.2 __ 1-1_.8 __ .,_ - IV is pr~::nh\ i;r:hye :~~:~:::t woi\;h~eugn::~ible to poor 

R R • porosity including biomoldic, intercrystalline, vuggy, 
MS / 5.0 1.6 and fracture. The unit was a lime mudstone with 

3530 R R _..../- .-. rare echinoderms and brachiopods. Sponge spicules 
4.8 2.6 are common in chert in the u er art of the unit. 

MC c "' .. :. Ill Gray, mottled, medium crystalline dolomite. Mottling 
WS • is due to bioturbation; horizontal burrows resemble 

.• .- 7.5 2.6 those in underlying units. As below, light-colored 
MC R •··· areas are coarser crystalline and more porous than 

• /. darker areas giving the rocks their mottled character. 
t-'-c-'-----,,---'--t-, MC C •:•· 11 ·:··· 9.5 0.6 Overall, porosity is poor to locally fair and predom-

R .-_.~.. inantly biomoldic. There is minor intercrystalline 
C porosity. The unit was a bioclast wackestone. Brach-

WS •····· • •• iopods (some silicified) and echinoderms are moderately 
- 6.4 11 common. Bryozoans are rare. 
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Grny , mottled , medium crysta lli ne dolomitt>. 

Mot:tl ing is due to bioturbation, hor i 7nne,.1 h .. , " "·•-
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to diotln<Jui r. h. Munt po 1oo lly io thought lo bet bl ur '\ -= , 
however, a,cas arc occn in thin occtlon that ~ • 
to have biomoldic and intergranular poroaity. Fr o, -~reo 
arc generally hairline and vuga arc rare. Echlnodcrmo 
are rarely visible on the olabbed core surface but, 
in thin section ghosts of echinoderms are signi(icantly 
more numerous. The unit appears to have been an 
echinoderm wac keetone/packstone, 

y Gray to olive-gray, argillaceoue dolomite with 
greenis h gray, wispy, argillaceoue laminae. nioclaoto 

9 .0 15 arc rare, Intercrystall ine and Cine moldic poroolty 
may be preaent but are not readily vlelblo o n alabbod 
co re surface. A domal shaped, compactional l?) leature 

------i'--lf+--,J--l---+11-8~.~2_,_.-'-1~.8~~ is present in the upper part of the unit, • A 

• • '--.._ - IV Light gray dolomite with negligible to poor 
R R • porosity including biomoldic, intercryetalline, vuggy, 

MS / 5 .0 1.6 and fracture. The unit was a lime mudstone with 
3530 R R _.,,./- ... rare echinoderms and brachiopods. Sponge spicules 

4.8 2.6 are common in chert in the u er art of the unit. 

MC C • .:. Ill Gray, mottled, medium crystalline dolomite. Mottling 
WS · • is due to bioturbation; horizontal burrows resemble 

_., 7.5 2 6 those in underlying units. As below, light-colored 
MC R ·"· · areas are coarser crystalline and more porous than 

• /. darker areas giving the rocks their mottled character. 
H.-'---,-...L..-+-, MC C •:,· H ·,·.· 9.5 0 .6 Overall, porosity is poor to locally fair and predom-

R ~~-- inantly biomoldic. There is minor intercrystalline 
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Gray, mottled, medium crystalline dolomite. 
Mottling is due to bioturbation; horizontal burr ows , 
resembling those in Unit I., are also present . This 
unit is s imilar to Unit I. but overall is finer cryst­
alline, le ss fossiliferous, and les s porous, As 
in Unit I. , light- co l ored areas are coarser crystalline 
and mo re porous than darker areas. Overall, porosity 
is poor to negligible with the exception of a few 
thin beds with fair to good porosity. Poro s ity is 
thought to be pred omina ntly biomoldic (molds are 
irregular-shaped) and minor intercrys talline. Fractures, 
ge neral ly hairline, and vugs (1/4" to 3 / 4" in length) 
are also present. The unit was a lime mudstone with 
a few thin bioclast packstone and/or grain s tone beds. 
Echinoderms a nd brachiopods (some silicified) are 
the only recognizable bioclasts with th e exception 
o f common bryozoans in the grainstone/packstone bed 
at 3541,5'. Chert nodules are presen t locally. 
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KEY 

SEDIMENTARY STRUCTURES 
AND 

LITHOLOGY 

LOW-ANGLE CROSS-STRAT. 

PLANAR (HORIZONTAL LAMINATION) 

STYLOLITES 

ao MOTTLED 

~ BURROWS 

~ UNDULOSE OR DEFORMED LAMINATION 

=i> PARALLEL LAMINATION 
0[& BRECCIA 

(§) CHERT 
11///1 RED STAINING 

Gray , mottled, s lightly argi llace o us , medium 
crysta lline dolomite. Mottling is due to bioturbation. 
ll orizontal tube-shaped burrows occur throughout and 
are most commonly 1/ 8" in cross section. Light-colored 
area s have higher porosity and are coarser c ry s talline 
than darker areas. Poros ity is poor to fair overall 
but is good in some light-colored areas and negligi ble 
in finer c rysta lli ne darker areas. Porosity i s predom­
inantly b i omo ldi c . Pervasive dolomite r ep l aces grains 
and matrix. Mold s ha ve irregular s hapes whi c h do 
not resemble leached bioclasts . There is some inter­
c ry sta llin e poros i ty . Vuggy porosity (vugs 1 / 4" 
t~ 3/ 4" i n length) i s also present . Fractur es ar e 
sca r ce and generally hairline. Fo r the most part , 
the r oc ks were bioclast mudstone and wa c kestone with 
brachiopods ( some si li c ified) and echin oderms being 
the mo st numerous bioc l asts . Li g ht- colored c hert 
nodul es are present and sty l oli t es occur thr oughout. 

CARBONATE 
LITHOLOGY 

GS - GRAINSTONE 

PS - PACKSTONE 

WS- WACKESTONE 

MS- MUDSTONE 

(BR) - (BRECCIA) 

PRESENCE 
OF 

BIOCLASTS 

VC- VERY COMMON 

C- COMMON 

MC-MODERATELY COMMON 

S- SCARCE 

R- RARE 

Figure 4. Schematic drawing and description of the Pendleton 
McClain #1, McClain field, Nemaha Co., Kansas. 
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GENERAL DESCRIPTION 

Gray, coa rsely crystalline dolomite, in places 
mottled. Grains and porosity types are difficult 
to distinguish due to pervasive dolomite. Porosity 
distribution is patchy, porosity varying from good 
to negligible. In the lowermost part of the unit 
porosity is negligible (rare molds) and grains are 
not visible. Above this porosity appears to be predom­
inantly intergranular and moldic, probably biomoldic. 
Vuggy porosity (vugs 1/2" to l" in length) is present 
and fractures occur in the upper part of the unit. 
The unit appears t o have in c luded echinoderm grainstone, 
packstone, and wa c kestone. Brachiopod s ar e rare . 
Some bioclasts are silicified and styl o lites occur 
throughout. Oil staini ng is good but va, ie s wit Ii 
porosity and as a result i s patchy. 

v Gra y , medium ciystaTllne dolomite witfioarl<er 
gray, irregular and discontinuous, argillaceous len ses 
and layer s (bi oturbated? ). Porosity, good in the 
lower part of the unit and fair above that, is inter ­
gran ular and moldic (predominantly intergranular ? I. 
Ghosts of ec hin oderms are visible in thin section 
and , the rock appears to have been an echinoderm 
grainst_one <:>r _per haps loca_lly_ packstone. Ag ain , 
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IV 
biQJ119ld_ic;__ROrosity. 

Light gray, medium to coarsely crystalline dolomite 
displaying low-angle cross-lamination , planar or 
horizontal lamination, and deformed horizontal lami­
nation. Grains and types of porosity are difficult 
to distinguish due to pervasive dolomite. Porosity 
is fair to good and thought to be predominantly biomoldic 
and intergranular. Ghosts of echinoderms are visible 
in thin section and the unit was probably a (echinoderm?) 
grainstone. In places stratification is absent, 
perhaps due to bioturbation , and the rock is a mottled 
echinoderm packstone/grainstone with good to negligible, 
patchy porosity (e.g., 3477' 11" to 3480'). 

Ill Light gray, faint parallel laminated, finely 

:1 

crystalline dolomite. Upper 6" of unit has red stain 
and in places fitted clasts (collapse breccial . 
Porosity is intercrystalline and fine moldic generally 
not visible on the slabbed core surface. The unit 
was a lime mudstone with rare brachiopods. 

Light gray, finely crystalline dolomite with 
large, white to light gray, chert nodules. Porosity 
appears poor to negligible on slabbed core surface, 
however, log porosity is fair to good suggesting 
significant inter crystal line and very fine moldic 
porosity are present. Fractures are common in the 
lower part of the unit. The unit was a lime mudstone. 
Red staining is present in the lower part of the 
unit. Echinoderms and small shell fragments, probably 
brachiopods, are rare. There are two collapse breccias 
with angular, uns orted , dolomite mudstone clasts , 
up to 2" in length, in a coarser crystalline dolomite 
matrix. In places clasts display a fitted fabric. 

WS R MC ,, /,,;·· I Mottled, medium crystalline dolomite. Mottling 
MC • • .-. is probably due to bioturbation. Porosity is poor 

- overall but, its distribution is patchy. Tan areas 
WS •··· have fair to good porosity and gray finer crystalline 

S R ,' areas ·poor to negligible porosity. For the most 
•.;. part, porosity is biomoldic. Molds are irregular-shaped, 

• ·- however, and no easily identified as leached bioclasts. 
~+--t-,-.L...--i MS MC R • Vuggy porosity is present locally and, there is minor 

;•.· .:· fracture and intercrystalline porosity. Grains are 
3495 ~-~~--~ " generally indistinguishable due to dolomitization 

and leaching but, the unit was probably a bioclast 
mudstone and wackestone. 
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TIGHT 

bTREAK 
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LOWER 

PORO. 

ZONE 

l5TRONG 
PATCHY 

STAIN 

V 

IV 

Ill 

II 

~is;;i~~~r~~ - io - ~otchy: porosity varying ( 9oud 
to negligible. In the lowermost part o( • unit 
porosity lo negligible (rare moldol and gcnlnn n,c 
not visible, /\bove this porosity appea10 to be prcdom­
inantly intergranular and moldlc, probably blomo ldlc. 
Vuggy porosity (vu go 1/2" to l" in length) In prc r.c-11t 
and fra c tures occur in the uppor part o( the u11ll. 
The unit nppea1s l o have included echinoderm 9rnlnntnnr , 
pack oto ne, nnd wnckcolone, Orachlopodo arc rncc, 
Som !! bloclaotc arc ulll c lflod and 1tylollton ot· 1·11 1 

throughout. Oil atalnlng ia "uod but vat la• vllh 
porosity and no a reoult l o patchy. 

Gray, medium crystal line dolomite with darker 
gray, irregular and discontinuous, argillaceous lenses 
and layers (bioturbated?l. Porosity, good in the 
lower part of the unit and fair above that, is inter­
granular and moldic (predominantly intergranular?), 
Ghosts of echinoderms are visible in thin section 
and, the rock appears to have been an echinoderm 
grainstone or perhaps locally packstone. Again, 
pervasive dolomite has made depositional textures 
difficult to distinguish. The upper l' of Unit V 
is an echinoderm wackestone with poor to negligible 
biomoldic porosity . 

Light gray , medium to coarsely crystalline dolomite 
displaying low-angle cross-lamination, planar or 
horizontal lamination, and deformed horizontal lami­
nation. Grains and types of poros ity are difficult 
to distinguish due to pervasive dolomite. Porosity 
is fair to good and thought to be predominantly biomoldic 
and intergranular. Ghosls of echinoderms are visible 
in thin section and the unit was probably a (e chinode rm?) 
grainstone. In places stratification is absent, 
perhaps due to bioturbation , and the rock is a mottled 
echinoderm packstone/grainstone with good to negligible, 
patchy porosity (e.g., 3477' 11" to 3480'). 

Light gray, faint parallel laminated, finely 
crystalline dolomite. Upper 6" of unit has red stain 
and in places fitted clasts (collapse breccia). 
Porosity is intercrystalline and fine moldic generally 
not vi s ible on the slabbed core surface . The unit 
was a lime mudstone with rare brac hiopods. 
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oppcoL~ puu1 co negi1g101e on slabbed core surface , 
howev er , log porosity is fair to good suggesting 
significant intercrystalline and very fine moldic 
porosity are present . Fra c tures are common in the 
lower part of the unit. The unit was a lime mudstone. 
Red staining is present in the lower part of th e 
unit. Echinoderms and small s hell fragments , probably 
brachiopods , are rare. There are two coll apse breccias 
with angular , unsorted , dolomite mud stone clasts , 
up to 2" in length , in a coarser crysta l line dolomite 
matrix. In places clasts displ ay a fitted fabri c . 

Mottled , medium crystal l i ne dolomite. Mottling 
is probably due to bioturba ti on . Po r osity is poo r 
overall but, its distribution is patchy . Tan areas 
have fa i r to good poros it y and g r ay fi ner crysta l l i ne 
areas poor to negligible porosity . For t he most 
part , porosity is biomold i c . Mol ds a re ir r eg ul ar-s haped, 
howeve r, and no easi l y i dent i f ied as l e ached bioc l asts . 
Vuggy poros i ty is p r ese n t l oca lly and , th e r e is minor 
fracture and inte r crysta lline po r osi t y . Grai ns a r e 
ge nerally i ndis t ingu i sha b le du e t o do lom i tization 
a nd leac h i ng but, th e un it was p r ob ab l y a b i oclast 
mudstone and wa ckestone . 

CARBONATE 
LITHOLOGY 

PRESENCE 
OF 

BIOCLASTS 

GS - GRAINSTONE 

PS - PACKSTONE 

WS - WACKESTONE 

MS - MUDSTONE 
(BR) - (BRECCIA) 

VC - VERY COMMON 

C- COMMON 

MC- MODERATELY COMMON 

S- SCARCE 

R- RARE 

Figure 5. Schematic drawing and description of the Petro Lewis 
Potts il, McClain field, Nemaha Co., Kansas. 
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GENERAL DESCRIPTION 

Interlaminated, dark gray, slightly ca l careous 
shale and light gray, fine-grained sandstone. 0elow 
3480' shale dominates and the rocks are parallel 
laminated. Above 3480' fine sandstone dominates, 
ve rtical and horizontal, tube-shaped burr ows ll/16" 
t o 1 / 4" in cross section) are present and, the sandstone 
is co mm o nly ri p pled. This unit is the ba sal part 
of the Maq uoketa Shale, 
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4.9 l.91 
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7.3 

11 .4 

1.88 

40 

11.2 I 70 

10.9 I 192 

11 .7 1147 

11 .2 I 57 
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8 .5 I 11 

15.81162 

8.0 1.74 

\ 

MAIN FTRON 
PORO. PATCHY 
ZONE STAIN 

MAIN 
PORO. 

ZONE 

-
TIGHT 

TREAK 

Gray, argillaceous, medium to finely c rystallin e 
dolomite with common horsetail stylolites and irregular, 
discontinuous, argillaceous laminae. The unit is 
bioturbated and , horizontal tube-shaped burrows (1 / 8" 
to 1/ 6" in cross section) are common . Porosity is 
negligible to poor and is predominantly biomoldic. 
There is minor intercrystalline porosity. Vugs are 
rare and fractures essentially absent . The unit 
is an echinoderm wackestone , becoming progressively 
more argillaceous in the upper 0.5' where the rocks 
have a disrupted appearance . Patchy oil staining 
occurs in the upper 4.5'. In places bioclasts are 
silicified. Pyrite is rare, becoming more common 
in the upper 0.5'. A 1/2" layer of completel y pyritized 
skeletal debris occurs at the contact with Unit VII 
(Maqu oketa Shale). 

V Light gray , mottled, medium to coarsely crystalline 

IV 

dolomite. Mottling may be due to bi o turb ation. 
As below (i.e., Units I, III, and IV), areas of coarsely 
crystalline dolomite with good to fair porosity occur 
with areas of more finely crystalline dolomite with 
poor to negligible po r osity resulting in the mottled 
character of the rocks. Overall, porosity i s poor 
to locally fair . The more porous areas have biomoldic 
and intergranular porosity; areas of negligible to 
poor porosity have biomoldic and minor intercrystalline 
porosity. Fractures and vugs occur through~ut but 
are not co,~~on . Pervasive dolomite obscures depositi~nal 
texture s . The porous areas were probably echinoderm 
packstone/grainstone and, the areas o f poor porosity 
were probably echinoderm wackestone. Brachiopods 
occur throughout and are sc ar ce. Porous patches 
are strongly oi l stained above 3501'. (Areas of 
gray dolomite resembling that in Unit VI occur i n 
the upper 2' of this unit.) 

Gray , mottled , medium to coarsely crystalline 
dolomite. Mottling is probably due to bioturbation . 
Light-colored areas have better porosity and appear 
to be coarser crystalline than darker areas. Porosity , 
fair overall, has a patchy distribution r e fle ct ing 
mottling and varies from poor (dark areas) to good 
(light areas). Porosity appears to be predominantly 
biomoldic. In places intergranular poro s ity may 
also be present. Fractures are moderately common 
locally (3505.5 ' to 3509.5') a nd vugs (1/8" to l" 
in length) occur throughout. Minor intercrystalli ne 
porosity is present. The lower . few feet of Unit 
IV was probably an echinoderm wackestone; above this 
the unit appears to be an echinoderm packstone a nd 
grainstone. In thin section ghosts of echinoderms 
appear to be common to very common in the upper part 
of the unit. Brachiopods occur thro ughout and are 
rare to sca rce. 
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IV 

Ill 

l u l l 1,: .1ll; 1 ...11 1. 'lt 1e 111t, 1t· l ' U l ll llll lll~('lU l1ll\/C' t, t 11 m1, l 111,.: 
and i11lctyt an ulnr µo r on ity1 11rcae o( ncgl V le lu 
poor porosity have hiomoldic and minor lntcrc~ J 1 inc 
porosity. Fra c tures and vugs occur throug, . Jt but 
are not common. Pervasive dolomite obscures depositional 
textures. The porous areas were probably ec hinoderm 
packstone/grainstone and, the areas of poor porosity 
were probably echinoderm wa ckestone . Dra c hiopods 
occur throughout and are s c arce. Porous patches 
are strongly oil stained above 3501'. (Areas of 
gray dolomite resembling that in Unit VI occur In 
the upper 2 ' of this unit . ) 

Gray , mottled, medium to coarsely crystalline 
dolomite. Mottling is probably due to bioturbation. 
Light-colored areas have better porosity and appear 
to be coarser crystalline than darker areas. Poros ity, 
fair overall, has a patchy distribution reflecting 
mottling and varies from poor (dark areas) to good 
(light areas). Porosity appears to be predominantly 
biomoldic . In places intergranular porosity may 
also be prese n t. Fractures are moderately commo n 
locally (3505.5 ' to 350 9, 5') and vugs (1 /8" t o l" 
in length) occur throughout. Minor intercrystalline 
porosity is present. The lower . few feet of Unit 
IV wa s probably an echinoderm wackestone; above this 
the unit appears to be an echinoderm packstone and 
grainstone . In thin section ghosts of echinoderms 
appear to be common to very common in the upper part 
of the unit. Brachiopods occur throughout and are 
rare to scarce. 

Light gray, mottled , medium crystalline, argillaceous 
dolomite. Mottling is probably due to bioturbation. 
Porosity has a patchy distribution but is fair to 
good overall excluding the upper 8" of the unit where 
it is negligible. Porosity probably includes inter­
granular and Oiomoldic but, grains and types of porosity 
are difficult to distinguish due to pervasive dolomite. 
Numerous fractures occur in the upper 1.5' of the 
unit. Irregular-shaped, argillaceous lenses are 
present and ofte n have a green , yellow , or red tint . 
The unit was probably a bioclast (echinoderm?) packstone 
and/or grainstone . There is rare white/light gray, 
irregular-shaped chert and stylolites occur throughout. 

II Light gray, planar to low-angle cross-stratified , 
medium to coarsely crystalline dolomite. Depos itional 
textures are generally indistinguishable due to pervasive 
dolomite. Porosity is fair and includes moldic, 
intergranular, and fracture. Ghosts of echinoderms 
are visible in thin section suggesting the ro c k was 
an echin ode rm grainstone or packstone. Red staining 
occurs in the upper part of the unit. 
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