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CHAPTER I 

ABSTRACT 

The Atkins Sandstone is thought to include delta-front and marine 

sands deposited on the slope of the northeastern Midland Basin. This 

interpretation is based primarily on stratigraphic relationships. 

sandstone geometry. and the geologic setting described through previous 

investigations. 

Sand transported basinward of the Pennsylvanian to Permian shelf 

edge was deposited as bars along the northern edge of a mid-basin 

carbonate platform. Sand also was distributed over the carbonate 

platform in channels and as fans. 

Composition of the Atkins Sandstone is suggestive of an igneous 

source area. The Wichita-Amarillo uplift is considered the major 

source. Contributions from the Ouachita uplift cannot be discounted. 

Digenesis of the Atkins Sandstone occurred through several stages. 

The initial diagenetic trend was the reduction of primary intergranular 

porosity due to compaction and cementation. Subsequent dissolution of 

unstable constituents produced well developed secondary porosity. 

Precipitation of chlorite as grain coatings significantly increased the 

surface area adjacent to porosity by the development of mire-porosity. 

without significantly reducing total porosity. 
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CHAPTER II 

INTRODUCTION 

The area of investigation of the Atkins Sandstone encompasses over 

800 square miles in the northeastern Midland Basin, within a 

stratigraphic interval directly overlying the Horseshoe Atoll (Adams and 

others, 1951) (Figure 1). Portions of Crosby, Dickens, Kent, and Garza 

Counties, Texas, make up the study area (Figure 2). 

The Atkins Sandstone produces hydrocarbons in White River, Lyn-Kay, 

and SMS Fields (Figure 2); therefore, determination of sandstone 

genesis, distribution and diagenesis should provide intormation useful 

in exploration for similar hydrocarbon accumulations. Diagenetic 

products such as secondary porosity and authigenic precipitates can 

affect reservoir quality and preservation of that quality during 

drilling and production. 

Object iv es and Methods 

The objectives of this investigation ~ere to (1) interpret the 

depositional environment(s) of the Atkins Sandstone, (2) interpret the 

nature and sequence of diagenetic events that have affected the Atkins 

Sandstone, (3) to relate the depositional environLlents and diagenetic 

history so as to understand better and explore more efficiently the 

Atkins Sandstone and similar sandstone bodies. 

The method used to determine depositional environ~ent was to 

compare descriptions of the geologic sett~~g. geometry, acd internal 

2 
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features of the Atkins Sandstone with those of documented depositional 

models (Shelton, 1973). Sandstone geometry (relative location. trend 

and width. thickness. and boundaries) were approximated by the 

preparation of four stratigraphic cross-sections. a structural contour 

map. a gross interval isopach map. and a net-sandstone isopach map 

(Plates 1 through 5). Internal features (sedimentary structures. 

textures. and constituents) were documented from the examination of 

three cores and forty thin sections. The diagenetic history was 

interpreted from the examination of the forty thin sections. 

correspond_ing X-ray diffractograms. and scanning-electron microscopy of 

selected representative samples. 

Previous Investigations 

The Pennsylvanian limestones of the underlying Horseshoe Atoll are 

highly productive petroleum reservoirs. Original reserves of the atoll 

were 2.5 billion barrels of oil (Wilson, 1975). Previous investigators 

and explorers largely ignored the overlying shale and sandstone due to 

the larger volume of reserves in the underlying limestones. 

Earliest investigators of the atoll area considered the shales 

surrounding the atoll to be age-equivalent to the adjacent limestones. 

Sandstones interbedded within the surrounding shale were regionally 

termed the -Canyon Sands.- However, Burnside (1959) stated that 

practically all of the surrounding shales are Wolfcampian. He based his 

reasoning on the observation that portions of the atoll crest are capped 

by Holfcampian limestones, and that interstratification of limestone and 

shale was observed only near the crest of the atoll. Van Siclen (1958) 

was first to describe depositional topography on the eastern shelf and 

i 
l 
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slope of the Midland Basin. The Pennsylvanian to Permian shelf edge 

proposed by Van Siclen is consistent with that described later and in 

more detail by Bloomer(l977). According to Van Siclen's interpretation. 

the stratigraphic interval of interest in this study was deposited in a 

fondoform environment. age-equivalent to rocks overlying the Crystal 

Falls Limestone of the eastern shelf (Figure 3). Southeast of the study 

area. Bloomer (1977) investigated the Cook Sandstone (Figure 3). He 

traced the Cook Sandstone across the eastern shelf and slope of the 

Midland Basin and described fluvial. deltaic. and marine depositional 

systems. Several of Bloomer's findings are relevant to this study. The 

Pennsylvaian to Permian shelf edge was described as trending northward 

through Fisher County (Figure 1). If projected northward, this shelf 

edge would trend across. extreme eastern Dickens County. Deltaic systems 

identified by Bloomer were proximal to the shelf edge. Upper 

delta-plain facies were deposited on the shelf. Thick sandstones 

basinward of the shelf edge were interpteted as distributary-ruouth bars 

that graded basinward into prodelta facies. Bloomer described the 

eastern slope as having had a maximal regional dip of about 3° at 

midslope. which decreased basinward. Clastic wedges on the slope. 

basinward of the deltaic systems, were interpreted as marine channels 

and fans. 

Baker (1975) noted the similarity in stratigraphic position of the 

Atkins Sandstone at SMS Field (Figure 2) and the Tannehill Sandstone 

(Figure 3) in Dickens County (Plate 1). Ball and Short (1979) explored 

an alternate explanation for the origin of Horseshoe Atoll. Previously 

interpreted ··reef"" masses nay be erosional remnants standing above a 

nearly planar subaerial paleo-erosional surface. 
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CHAPTER III 

GEOLOGIC HISTORY 

The Permian Basin of West Texas and southeast New Mexico is a 

composite basin occupying approximately 115.000 square miles (Galley. 

1955). It consists of several major centers of deposition including the 

Midland Basin (Sellards. 1934) where the study area is located (Figure 

1). The Central Basin Platform (Cartwright. 1930) (Figure 1) separates 

the Midland Basin from the structurally deeper Delaware Basin (Willis. 

1929) (Figure 1). The Ouachita folded belt (Figure 1) is the major 

southern limit of the Permian Basin complex, but the southern limit of 

the Midland Basin is defined by the Ozona Platform (Vertrees. 1953) 

(Figure 1). The Val Verde Basin (Lewis, 1941) (Figure 1) south of the 

Ozona Platform existed as a late Paleozoic center of deposition within 

one of several troughs present in front of the Ouachita folded belt. 

The eastern shelf of the Midland Basin is limited by the Bend Arch 

(Cheney, 1918) (Figure 1). The Concho Arch (Cheney, 1929) (Figure 1) is 

a low, broad anticline extending south-southeastward across the eastern 

shelf. Separating the Midland Basin from the Palo Dura Basin (Figure l} 

is a narrow belt of anticlines known as the Matador Arch (Totten, 1954). 

The Palo Duro Basin is limited on the north by the Amarillo-Wichita 

Uplift (Gould and Lewis, 1926) (Figure 1). 

Prior to Pennsylvanian sedimentation, deposition occurred during 

several marine invasions on a broad. shallow, southward-dipping shelf. 

The rocks consist of transgres~i:ve elastics grading into carbonates. 

8 
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The first invasion began in Late Cambrian. Regression at the close of 

the Mississippian Period was accompanied by several uplifts which 

drastically altered previous controls on sedimentation across the area. 

Affecting the Midland Basin area were the Ouachita. Amarillo-Wichita, 

and Matador Uplifts. Thinning of Mississippian rocks provides evidence 

of local uplifts along the Central Basin Platform. and rejuvenation of 

the Concho Arch. (The paragraph above was drawn from the work of 

Galley. 1955.) 

Pennsylvanian sedimentation occurred in an expanding sea within an 

intracratonic basin. Regional submergence began early in Strawn time 

and appears to have persisted at least periodically through the Permian 

Period, as shown by thick consecutive series of strata. Pennsylvanian 

sedimentary rocks along the basin margins include Strawn. Canyon. and 

Cisco beds. Large volumes of elastic sediments accumulated along basin 

margins adjacent to mountainous land masses. whereas in marginal areas 

more remote from elastic sources thick sections of limestone were 

deposited. Cyclic sequences are characteristic of the transitional 

areas between the carbonate and elastic depocenters. Terrestrial and 

deltaic deposits interbedded with marine sediments suggest shoreline 

fluctuation throughout the Late Pennsylvanian. Sediments of like ages 

with the middle of the basin consist of thin, dark. nonfossiliferous 

shales. Wells in the deep parts of the basin have penetrated thin 

sections of Upper Pennsylvanian strata. The term "starved basin- has 

been applied to describe the apparent lack of sedimentation within the 

middle part of the basin (Adams and others. 1951). 

Horsesho.e Atoll is different from the thin section of Upper 

Pennsylvanian rocks within the mid-basin areai •E~ording to some 
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geologists subsidence appears to have been matched by deposition of 

limestone. The atoll is interpreted as an arcuate accumulation of 

fossiliferous limestone apparently built upon a Lower Strawn platform; 

it is composed of limestones of the Strawn. Canyon. Cisco, and Wolfcamp 

Groups. The thickest section of the buildup exceeds 3000 ft. with 

age-equivalent basinal strata being thinner than 500 ft. (Wilson, 1975). 

Determination of age relationships within the buildup is complex, 

because of reworked and mixed fusulinids of various ages. Apparently 

rocks of Cisco age are not present over the entire .complex, and 

Wolfcampian rocks are very isolated. Rock within the buildups primarily 

are of detrital origin. Colonial organisms are very rare. Numerous 

shale breaks can be correlated for considerable distances within the 

buildups. The upper surface of the atoll consists of knolls and 

depressions, and the flanks sl~pe gently away from the crest. (These 

facts suggest that relief of the atoll may not have been due to 

constructional processes.) 

At the close of the Pennsylvanian Period the entire Central Basin 

Platform was uplifted. The Midland Basin was a separate intracratonic 

basin at this time (Galley, 1955). Related tectonic activity may have 

affected the northern Midland Basin at this time, as relief on the 

surf ace of Pennsylvanian limestone terrain may be due to extensive 

pre-Permian erosion. 

Throughout the Permian Period marginal platforms were the sites of 

thick carbonate buildups. Adjacent low areas received chiefly 

fine-grained elastics. In the latter part of the Permian Period, the 

basin was the site of depositon under evaporitic conditions within a 

shrinking sea (Galley, 1955). 



CHAPTER IV 

STRUCTURAL FRAMEWORK 

The regional structural configuration of the Pennsylvanian to 

Permian rocks across the study area is that of gentle westward dip, 

averaging approximtely 50 ft. per mile (Plate 3). The Garza Arch is a 

very subtle fold that trends southeastward through Garza County; it is 

recognizable on structural contour maps of Lower Pennsylvanian strata. 

The Garza Arch is not obvious on the -M- zone structural contour map 

(Plate 3). Regional westward dip is interrupted locally by subtle noses 

and synclines. These subtle structures can be observed to occur above 

and adjacent to the limestone buildups of the atoll complex. They are 

interpreted as being the results of differential compaction within 

varying thicknesses of the Lower Black Shale. These subtle structures 

seem to have influenced entrapment in SMS and White River Fields where 

the Atkins Sandstone is the productive reservoir. 

11 



CHAPTER V 

STRATIGRAPHIC FRAMEWORK 

The Atkins Sandstone is present in the northeastern Midland Basin. 

adjacent to the Swenson and Salt Creek buildups. extending across 

southeastern Crosby. southwestern Dickens, western Kent, and eastern 

Garza Counties (Figure 2). The Atkins Ranch, type locality for the 

Atkins Sandstone, is in the southeastern part of the study area. 

Tidewater Oil Assoc. recovered oil and water on a drill-stem test of the 

Atkins Sandstone at the Atkins Ranch No. 1 before completing the well aJ 

a dry hole. The Atkin Sandstone i..; .tnterbedded within the lower ·· __ 

Shale, - overlying Pennsylvanian limestones and underlying the -M .. zone, 

a widespread and easily recognizable marker bed that extends through the 

study area (Plates 1 and 2). On sample logs the "M" zone is described 

as glauconitic limestone. Thickness of the predominantly shale section 

between the Pennsylvanian limestones and the base of the "M" zone, 

herein to be ref erred to as the Atkins interval, ranges from 0 ft. in 

northwestern Kent County to about 950 ft. in central Kent County (Short. 

Amoco) (Plate 4). The exact age of the Atkins interval is unknown, but 

it is either in the Cisco or the Wolfcampian Series. 

Correlation 

Four stratigraphic cross-sections were prepared using the -M- zone 

as a datum (Plates 1 and 2). Correlations were made within the Atkins 

I interval. Apparent stratigraphic relationships included topographic 

12 
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relief on the top of the Pennsylvanian limestones (Plates 1 and 2). and 

the presence of sandstone and limestone at the stratigraphic position of 

the Atkins Sandstone in territory outside of the study area (Plate 1). 

Distribution and geometry of the Atkins Sandstone within the study area 

are also shown in general fashion by Plates 1 and 2. 

The Atkins interval ranges from 0 to 950 ft. thick within the study 

area. Thinning of the interval is interpreted as reflecting topographic 

relief on top of the Pennsylvanian limestones. Two distinct limestone 

buildups are within the study area (Plate 4). The Swenson buildup 

(Figure 2) in northwestern Kent County was more than 600 ft. high. and 

it extended across about 150 sq. mi. In 3 to 4 sq. mi. of this area the 

relief of the buildup exceeded the stratigraphic position of the "M

zone (as implied by Plate 4. within the 100-ft. contour line). The 

crest of the Swenson buildup is capped by Cisco limestones (Vest. 1968, 

ill Wilson. 1975. p. 188). The Salt Creek buildup (Figure 2) in 

northwestern to central Kent County occupies an area of approximately 15 

square miles; it was approximately 450 ft. high. The crest of the Salt 

Creek buildup is 175 ft. below the stratigraphic position of the "M

zone. and is capped by Canyon limestone (Vest. 1968). These buildups 

overlie a Lower Strawn platform (Figure 2), the top of which is 650 ft. 

to 950 ft. below the base of the ·M- zone. Deposition of the Atkins 

Sandstone and stratigraphically equivalent sandstone bodies was 

influenced by the topographic relief of the limestone surface. 

The Atkins Sandstone occurs adjacent to and basinward of the 

Swenson and Salt Creek buildups. Tannehill Sandstone is present at the 

same stratigraphic position through most of Dickens and north-central to 

northeastern Kent Counties. Although not physically connected, the 
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Tannehill and Atkins Sandstones may be genetically related. The 

pinchout of the Tannehill Sandstone to the west of the northeastern edge 

of the Lower Strawn platform is shown on cross-section A-A' (Plate 1) 

between wells 9 and 10. The Tannehill Sandstone in Dickens County has 

been interpreted as widespread, massive. prograded distributary-mouth 

bars (Baker, 1975). 

In southeast-central Crosby County the stratigraphic position of 

the Atkins Sandstone is occupied by several lenticular beds of 

limestone. The pinchout of the Atkins Sandstone and corresponding 

presence of these limestones is between wells 1 and 4 of cross-section 

A-A' (Plate 1). On sample logs the limestone is described as white to 

light tan to light gray, micritic to finely crystalline, oolitic, 

fossiliferous. and sandy • 

The sandstone bodies considered to be Atkins Sandstone in this 

study are confined mostly to southeastern Crosby, extreme southwestern 

Dickens, western Kent, and eastern Garza Counties. Two major changes in 

geometry are suggestive of possibly three separate environments of 

deposition. 



CHAPTER VI 

GEOMETRY OF THE ATKINS SANDSTONE 

Vertical division of the Atkins interval for the purpose of 

discussion is impractical because of the absence of suitable marker beds 

within the interval. Therefore. the interval will be discussed 

geographically with respect to major changes in sandstone geometry. 

These geographic divisions are designated as the Atkins -A-. -B-. and 

"c- Sandstones. 

Atkins -A- Sandstone 

Relative Location 

The Atkins -A- Sandstone is present across southeastern Crosby. 

extreme northern Garza. and extreme southwestern Dickens Counties along 

the northern edge of the Lower Strawn platform (Plates 1 and 5). 

Trend and Width 

The Atkins -A- Sandstone extends north of the study area; thus the 

total extent is unknown. The relative trend appears to be 
I 

east-northeast for a distance of approximately 30 mi. through the 

northern part of the study area (Plate 5). 

Thickness 

The Atkins -A- Sandstone is best developed in southeastern Crosby 

15 
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County (Plates 1 and 5). Net-sandstone thickness ranges from 0 to 170 

ft •• whereas the total sandstone-interval is as thick as 300 ft. 

The most commonly used method for determining sandstone-shale bed 

boundaries and thus net-sandstone thickness was to pick the inflection 

points of spontaneous-potential curve deflections. In cases where 

spontaneous-potential curve quality was inadequate, apparently from 

approximate equality in resistivity between formational fluids and 

drilling mud, a logical set of alternative methods were used to estimate 

net-sandstone thickness (Appendix). 

Boundaries 

Individual sandstone bodies of the Atkins -A- Sandstone are 

widespread. Generally they s~~w gradational lower contacts (Plate 1). 

The lowest sandstone body is an exception; less extensive than the 

overlying sandstones, it has a sharp lower contact. Upper sandstone 

contacts are generaly sharp. Lateral contacts invariably are 

interfingered. 

Atkins -B- Sandstone 

Relative Location 

The Atkins "B" Sandstone is a linear belt in the northern part of 

the study area, extending along the Crosby-Dickens county line to 

I r 
r 

northwestern Kent County. Along the Crosby-Dickens county line the 

Atkins -B- Sandstone produces at White River Field and across 

northwestern Kent County it produces at Lyn-Kay and SMS Fields (Figure 

2). The Atkins "B- Sandstone overlies the Atkins -c- Sandstone to the 
• 

south (Plates 2 and 5). 
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Trend and Width 

The Atkins -B- Sandstone trends roughly northward (Plate 5). From 

the Crosby-Dickens county line it extends across northwestern Kent 

County above the eastern flank of the Swenson buildup. The length of 

this trend exceeds 15 mi. The distance that this trend might extend 

northward of White River Field, beyond the study area, was not 

determined. Width of the Atkins -B" Sandstone is approximately 1 to 2 

mi. (Plates 1 and 5), increasing gradually to the south. 

Thickness 

The Atkins "B- Sandstone is best developed in northwestern Kent 

County where it is the productive reservoir at SMS Field. The maximal 

net-sandstone thickness is approximtely 75 ft. (Plate 5). 

Boundaries 

The basal and lateral contacts of the Atkins -B- Sandstone are 

sharp. The upper contact ranges from gradational to moderately sharp 

(Plate 2). 

Atkins -c" Sandstone 

Relative Location 

The Atkins "c- Sandstone is present across eastern Garza and 

west-central Kent Counties (Plates 2 and 5). Two distinct elongated 

sandstone lobes or elastic wedges occur adjacent to the Swenson buildup. 
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Trend and Width 

The elastic wedge in Garza County roughly trends 

south-southwestward for a distance of approximately 30 mi., with a 

maximal width of approximately 15 mi. (Plate 5). The elastic wedge in 

Kent County trends roughly south-southeastward for approximately 15 mi., 

with a maximal width of approximately 8 mi. 

Thickness 

The Atkins -c- Sandstone is best developed over topographically low 

areas of the Lower Strawn platform (Plate 2). Net-sandstone thickness 

ranges from 0 to 270 ft. (Plate 7). Total sandstone-interval thickness 

is approximately 500 ft. The upper sandstone surface is relatively 

flat, and the increase in thickness is at the expense of the underlying 

shale. 

Boundaries 

The basal contact is sharp to the down-slope point of maximum 

sandstone thickness. Basinward of this point the lower contact is 

generally gradational (Plate 2). Lateral contacts adjacent to the 

limestone buildup are sharp, whereas the basinward lateral contacts are 

interfingered (Plates 1 and 2). Upper sandstone contacts generally are 

relatively sharp. 
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CHAPTER VII 

INTERNAL FEATURES 

Internal features were determined from a limited selection of 

cores. Three cores were selected for petrologic and petrographic study 

of the Atkins Sandstone. based on completeness and condition of the 

cores. All cores available were restricted to -the Atkins "B- Sandstone 

from SMS Field. 

Sedimentary Structures 

In approximate or.der of overall abundance. sedimentary structures 

are interstratif ication of sandstone and shale with associated 

ripple-bedding (Reinecke and Wunderlich. 1968). small-scale 

crossbedding, soft-sediment loading and f lowage. medium-scale 

crossbedding. ripple marks. massive bedding. bioturbation and burrowing. 

and nodular siderite (Figures 4. s. and 6). 

The sandstone beds invariably show sharp basal contacts which 

commonly are deformed by load structures. Beds of sandstone generally 

are overlain by interstratified sandstone and shale. Sharp and 

transitional contacts were observed between the sandstone and 

interstratified sandstone and shale. Thin beds of shale are relatively 

cncommon. 

19 
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Interstratif ication 

Interstratification of sandstone and shale in the form of 

ripple-bedded units seems to be the most common sedimentary structure in 

the Atkins Sandstone. The complete range of ripple-bedding types is 

present, but wavy and lenticular bedding are the most abundant. 

Sandstone laminae contain small-scale crossbedding, whereas the 

intercalated shales are characterized by parallel laminations (Figures 7 

and 3). 

Sandstone beds are sparsely interstratif ied with thin shale laminae 

(Figure 9). These laminae are discontinuous and generally are 

characterized by a wavy appearance. 

Soft-sediment Deformation 

Soft-sediment deformation was observed to be most associated with 

the interstratified sandstone and shale section. Load structures 

(Figures 10 and 11) are most abundant, but flowage (Figure 12) is not 

uncommon. 

Medium-scale Crossbeddin~ 

Medium-scale crossbedding is characteristic of thick sandstone beds 

and is recognizable as variably inclined, faint, parallel laminations 

and shale breaks (Figures 13 and 14). The laminations are more evident 

above the oil-water contact (Figure 15). Oil staining possibly enhances 

the visibility of the faint laminations. 

Ripple Harks 

The upper contacts of sandstone beds commo:•ly are sharp, wavy. 
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undulating surfaces (Figure 7). These undulations are interpreted as 

ripple marks. The wavy shale laminae within the sandstone beds. 

discussed under interstratification. are assumed to have been draped 

over rippled sand surfaces (Figure 9). 

Massiye Beddini 

~1assive bedding is common to all cores within sandstone beds below 

the oil-water contacts (Figure 15). If oil staining has enhanced the 

visibility of the faint laminations. the massive appearing sandstone 

could possess a similar degree of bedding. 

Bioturbation and Burrowini 

Bioturbation and burrows are uncommon in the cores described. 

Several thin shale beds with abundant carbonaceous material had a 

mottled appearance (Figure 10). One interstratified section had a 

burrowed appearance (Figure 16). 

Nodules 

Nodules are rare in the Atkins Sandstone. Those present are 

sideritic (Figure 9). The nodules appeared to have been transported. 

Texture 

The Atkins Sandstone seems to be texturally mature; samples from 

cores show that sorting and rounding are good. Grain size ranges from 

very fine-grained sand to pebbles. Grain size is on the average of 

0.125 mm. Significant vertical changes in grain size are not apparent 

within individual beds of sandstone. Intraformational clasts are the 



Figure 7. Interstratified Sandstone and 
Shale, Honolulu Oil Maben 
No. 2, Depth 6128.6 Ft. Note 
the Deformed Lower Sandstone 
Contacts, Rippled Upper Sand
stone Contact, and Small
Scale Crossbedding. Depth 
Shown on Arrow. 

25 



Figure 8 . Interstratified Sandstone and 
Shale , Honolulu Oil Newman 
Bros . No . 2. Depth 6124.7 
Ft. Shown on Arrow 
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Figure 9. Scattered Intraformational 
Clasts, Wavy Shale Laminae, 
and Siderite Nodule, Honolulu 
Oil Maben No. 2. Depth 
6138.6 Ft. Shown on Arrow 
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Figure 10. Sandstone Loading and Bio
turbated Shale, Honolulu 
Oil Maben No. 2. Depth 
6137 Ft. Shown on Arrow 
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Figure 11. Soft Sediment Flowage, 
Honolulu Oil Newman Bros. 
No. 2. Depth 6090.1 Ft. 
Shown on Arrow 
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Figure 12. Soft Sediment Flowage, 
Honolulu Oil Maben O. 2. 
Depth 6143 Ft. Shown on 
Arrow , 
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Figure 13. Medium-scale Crossbedding, 
Honolulu Oil Maben No. 2. 
Depth 6102 Ft. Shown on 
Arrow 
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Figure 14. Medium-scale Crossbedding, 
Honolulu Oil Newman Bros . 
No . 2. Depth 6121 Ft . 
Shown on Arrow 
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Figure 15. Massive Bedding or Possible 
Faint, Inclined Lamination, 
Honolulu Oil Maben No. 2. 
Depth 6134 Ft. Shown on 
Arrow. Note the Intrafor
mational Clasts and Apparent 
Oil-Water Contact 
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Figure 16. Burrowed-to-Mottled Appear
ance of Interstratif ied 
Sandstone and Shale, 
Honolulu Oil Maben No. 2. 
Depth 6129.4 Ft. Shown on 
Arrow 

34 
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only significant causes of grain size variation within beds of 

sandstone. Intraformational conglomerates are uncommon (Figure 17). and 

the clasts tend to be randomly distributed. 

Interstratified sandstone and shale sections change vertically in 

grain size. Fining-upward from wavy t~ lenticular ripple-bedding was 

commonly observed. 

Constituents 

Major framework grains in the Atkins Sandstone are quartz, 

feldspar, glauconite, and additional rock fragments. According to the 

classification proposed by McBride (1963), the Atkins Sandstone at SMS 

Field is lithic subarkose. (Glauconite was considered to be a rock 

fragment for the purpose of this classification.) 

Quartz is the dominant framework mineral, making up 70 to 80% of 

the framework. Feldspar is second in abundance, composing 10 to 20% of 

the framework. Potassium feldspar is slightly more common than 

plagioclase. Glauconite is third in abundance, making up 4 to 8% of the 

framework. Additional rock fragments account for 2 to 3% of the 

framework. Most of these probably represent metamorphic grains. 

Accessory minerals include muscovite, biotite, chert, zircon, 

tourmaline, and pyrite. 

Fossils were not recognized as a constituent of the Atkins 

Sandstone. However, within a shale core of the Atkins interval from 

western Garza County, outside t~e study area, thin beds of shell and 

crinoidal debris were recorded. 



Figure 17. Intraformational Conglomerate, 
Honolulu Oil Maben No. 2. 
Depth 6139 Ft. Shown on 
Arrow 
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CHAPTER VII I 

DEPOSITIONAL ENVIRONMENT 

The geometric relationship of the Atkins Sandstone across the study 

area is suggestive of three separate depositional environments within a 

given geologic setting. Geologic setting is helpful in eliminating a 

number of unlikely depositional environments. Electric-log profiles 

through the Atkins interval resemble the basinal system profiles 

described in the Palo Duro Basin by Handford and Dutton (1980). Sparse 

fauna within surrounding shale may imply a deep basinal setting, but 

sparsity of fauna is representative of conditions at the delta-front 

also. A basinal ietting is consistent with the interpretation by 

previous investigators who have described the Atkins interval as 

representing the equivalent of the Pennsylvanian to Permian shelf edges 

to the east. The maximum dip of the eastern slope has been described as 

3° and decreasing basinward. The structural configuration of the -M

zone represents a depositional slope of less than or equal to .so0 • 

The paleotopographic surface on which the Atkins interval was 

deposited is illustrated by Plate 4. Two schematic diagrams (Figures 18 

and 19) attempt to present two alternative hypotheses responsible for 

the topographic relief of this surface. Solution of the origin of the 

topographic relief is beyond the scope of this study; the limestone rock 

masses commonly have been referred to as buildups, implying depositional 

topography, and will be discussed as such in following illustrations. 

Sandst~ne geometry is helpful in approximating reasonable 
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depositional environments within the given geologic setting. The 

geometry of the Atkins -A" Sandstone bears resemblance to sand bars 

within a shallow marine to delta-front environment. This interpretation 

is consistent with the environmental interpretation for the 

stratigraphically equivalent Tannehill Sandstone in Dickens County 

(Baker. 1975) and the Cook Sandstone (Bloomer, 1977). 

The vertical sequence would appear to show distal bars overlain by 

a distributary-mouth bar complex. The proposed distal bar is less 

extensive than the overlying distributary-mouth bars and is 

characterized by a sharp basal contact. The proposed distributary-mouth 

bars are widespread along the northern edge of the Lower Strawn 

platform. The basal contacts appear gradational. and laterally the 

sandstone interfinger with the surrounding shales. Coarsening upward of 

grain size is assumed from spontaneous-potential curve profiles. 

The Atkins -B- Sandstone geometry is that of a channel. The lower 

and lateral contacts are sharp. and the boundary of the flat upper 

surface is moderately sharp. The channel overlies the Atkins -A-

Sandstone in the northern part of the study area. Two reasonable 

environments can be suggested for the genesis of the channel: (1) it 

represents a deltaic distributary related to the proposed underlying 

delta-front sediments. or (2) it represents a marine channel that 

transported an excess of elastic material downslope from the delta-front 

terrain. 

Basinward the channel thickens dramatically into a elastic wedge. 

Distributary-mouth bars would be present basinward of a deltaic 

distributary. whereas marine fans would exist basinward of a marine 

channel. The sharp lower contact would suggest a lack of reworking by 
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wave action. and would support a more basinward interpretation. 

Rock data are limited to the Atkins -B- Sandstone at S~IB Field. 

The internal features observed should be helpful in differentiating 

between a deltaic distributary versus a marine channel. The majority of 

primary sedimentary structures are current generated. which is to be 

expected in either environment. The sedimentary structures do not form 

a diagnostic vertical sequence characteristic of a distributary 

environment. The uniform grain size is unlike the fining-upward 

sequences of deltaic distributaries. Sand deposition appears to have 

occurred as rapid, discrete pulses. The abundance of intercalated 

shales suggests that the introduction of sand interrupted deposition of 

clay. The abundance of flowage and loading is suggestive of deformation 

subsequent to rapid sand deposition. 

Detrital constituents are generally most useful in providing 

information concerning provenance, but because glauconite consists of as 

much as 8% of the framework. composition may be environmentally 

significant, and is suggestive of a marine influence. 

The amount of feldspar in the Atkins "s" Sandstone is suggestive of 

an igneous source area. The presence of zircon and tourmaline in trace 

amounts support this suggestion. The Amarillo-Wichita uplift would seem 

to be the most likely source area considering the regional slope and 

proximity to the study area. 

The proposed depositional model for the Atkins Sandstone requires 

two major stages of deposition. The first stage accompanied Atkins -A

Sandstone deposition along the northern edge of the Lower Strawn 

platform as sand bars in a shallow marine to delta-front environment 

(Figure 20). Initial shale deposition within the lower Atkins interval 
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probably occurred across the entire study area during this stage. The 

second stage accompanied deposition of Atkins -B- and -c- Sandstone as 

marine channel and fan deposits as excess sand was distributed over the 

Lower Strawn platform (Figure 21). 
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CHAPTER IX 

DIAGENESIS OF THE ATKINS SANDSTONE 

Diagenesis of the Atkins Sandstone consists of at least ten 

post-depositional changes. Though the exact order is unknown, the 

events will be discussed in the approximate order of occurrence through 

three principal stages. 

Stage 1: The initial stage consists of changes which contributed 

to the reduction of primary intergranular porosity. Precipitation of 

silica along quartz grain boundaries is evident as sytaxial quartz 

overgrowths (Figure 22). The plasticity of rock fragments (including 

glauconite grains) resulted in squeezing of these grains into adjacent 

pore spaces. forming a pseudomatrix (Figures 23 and 24). Compaction 

along carbonaceous shale laminae resulted in the generation of pyritized 

styolites. Precipitation of calcite cement accompanied the corrosion of 

quartz grains and overgrowths. In most of the thin sections the calcite 

cement is patchy in occurrence (Figure 23), whereas in tight streaks it 

is more abundant {Figure 25) • .. 
Stage 2: The second stage consists of alteration and in some cases 

dissolution of unstable constituents. Glauconite grains have been 

altered to the iron-deficient clay mineral (illite). Altered glauconite 

grains are yellowish brown (Figure 23) 11 whereas a few unaltered grains 

have remained green. Additional rock fragments. probably metamorphic 

grains, have been altered to sericite (Figure 23). Calcite cement has 

been altered to iron-rich d0lomite or ankerite (Figure 25). It would 
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(a) 

(b) 

Figure 22. Syntaxial Quartz Overgrowth Shown by Obvious 
Pre-Overgrowth Grain Boundary, Magnification 
lOOX. (a) Plane-Polarized Light. (b) Crossed
Nicols. Sample From Honol1·l.u Oil Maben No. 2, 
Depth 6145 Ft. 
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(a) 

(b) 

Figure 23. Glauconite Grain Altered to Iron-Defficient 
Clay. Note the Grain is Squeezed Into 
Adjacent Pores Forming a Pseudomatrix. 
Magnification lOOX. (a) Plane-Polarized 
Light. (b) Crossed-Nicols. Note the Grain 
Altered to Sericite and the Ankerite 
Cement. Sample From Honolulu Oil Maben 
No. 2, Depth 6125.S Ft. 
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Figure 24. Glauconite Pseudomatrix. Magnification 200X. 
Sample From Honolulu Oil Maben No, 2, Depth 
6102 Ft. 
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(b) 

Fe 

0 10.24 

Figure 25. (a) Ankerite Cement. Magnification lOOX, 

(b) Energy Dispersive X-ray Analysis 

Showing Evidence of Substitution. Sample 

From Honolulu Oil Maben No. 2, Depth 
6145 Ft. 
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seem reasonable that the alteration of calcite accompanied or occurred 
subsequent to the alteration of glauconite, which would provide a source 
of iron. 

Secondary porosity is very common in the Atkins Sandstone; e.g., 
the presence of oversized pores and partially dissolved grains of 
feldspar (Figures 26 and 27). Floating quartz grains with corroded 
grain boundaries (Figure 26) also suggest possible dissolution of prior 
carbonate cement. 

Stage 3: Precipitation of authigenic clay minerals appears to have 
been the final stage of diagenesis. Vermicular kaolinite (Figure 28) as 
partial pore fillings and cblorit~ (Figure 29) as pore linings are most 
obvious. Energy dispersion X-ray analysis demonstrates the substitution 
of iron into the chlorite structure (Figure 30). Mixed-layer clays and 
illite are minor cementing agents in the Atkins Sandstone. 



(a) 

(b) 

Figure 26. Partially Dissolved Feldspar Grain (Center) 
Forming Sec.ondary Porosity, Note the 
Dissolution Along Cleavage, Magnification 
lOOX. (a) Plane-Polarized Light. (b) 
Crossed-Nicols. Sample From Honolulu Oil 
Maben No. 2, Depth 6145 Ft. 
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(b) 

0 J0.24 

Figure 27 . (a) Partially Dissolved Feldspar Grain. 
Magni fication 400X . (b) Energy Di spersive 
X-ray Analysis Indicating That the Grain 
is Potassium Feldspar. Sample From 
Honolulu Oil Maben No . 2 , Depth 6141 Ft . 
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Figure 28, Vermicular Kaolinite Partially Filling Pore. 

Magnification 400X. Sample From Honolulu 
Oil Maben No. 2, Depth 6122 Ft. 
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Figure 29. Chlorite Lining Pore. Note the Continuity 
of the Clay Lining Through the Pore Throat. 
Magnification 400X. Sample From Honolulu 
Oil Maben No. 2, Depth 6141 Ft . 
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( a ) 

s· 

Fe 

(b) 

Figure 30 . (a) Chlorite Lining Pore. Note the Micro
Porosity . Magnification 2000X, (b) Energy 
Dispersive X~ray Analysis Illustrating 
Almost Complete Iron Substitution . Sample 
From Honolulu Oil Maben No, 2 , Depth 
6141 Ft . 
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CHAPTER X 

PORE GEOMETRY 

Intergranular, secondary, micro-, and fracture porosity are present 

in the Atkins Sandstone at SMS Field. Secondary and micro-porosity are 

most common, and fracture porosity occurs only as a trace. The 

sandstone in SMS Field has an average porosity of 19% and average 

permeability of 117 md. 

Intergranular porosity was reduced greatly during stage l of 

diagensis. Small pore openings adjacent to non-corroded syntaxial 

quartz overgrowths (Figure 22) suggest that porosity was not totally 

eliminated. The total volume associated with the intergranular porosity 

may be small, but these pore openings serve to interconnect other pore 

types, thus increasing permeability. 

Secondary porosity accounts for the majority of total porosity. It 

ranges from small cracks along the cleavage of partially dissolved 

feldspar grains to total dissolution of previously introduced grains and 

cement. 

Micro-porosity occurs dominantly between chlorite platelets (Figure 

30) but also occurs between kaolinite platelets (Figure 28) and 

partially dissolved feldspar grains {Figure 27). The precipitation of 

authigenic chlorite significantly increased the total surface area 

within the Atkins Sandstone, probably without significantly reducing the 

total porosity. Two water layers bound to the surface area adjacent to 

clay surfaces represents that part of the triie water saturation which is 
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irreducible. Bound water also increases the ionic concentration of the 

reducible water within the reservoir. which tends to increase the 

apparent water saturation derived from well-log analyses. The net 

result creates a tendency to underestimate the quality of a potential 

reservoir. 



CHAPTER XI 

APPLICATIONS OF I?--t"'VESTIGATION 

Practial applications of this study are confined mostly to 
exploration and production of hydrocarbons within the Atkins Sandstone 
and similar sandstone bodies. 

The trapping mechanism for SMS and White River Fields is 
combination-structural and stratigraphic. These pools accumulated 
within channel-type sandstone bodies trending roughly along regional 
strike. SMS and White River Fields occur where the channel trend 
crosses a structural nose (Plates 3 and 5) (Figure 2). Updip meander 
loops in such channels would also be sufficient in creating a trapping 
situation. 

To date, production has been discovered only in channel-type 
sandstone bodies in the study area, trapping within any sandstone body 
with an abrupt up-dip termination would seem to be reasonably probable. 
The eastern limit of Garza and Kent Counties are circumstances of this 
basic type. 

Diagenesis of the Atkins Sandstone is closely associated with 
several applications to exploration and production. Development of 
micro-porosity between authigenic clay platelets results in formational 
water being irreducibly bound to the reservoir. Water saturation 
calculations for productive intervals at SMS Field yielded mid-range 
calculations (Sw 50%), yet water-free initial production in excess of 
100 bbls. per day was accc·_plished. The discovery well for SMS Field, 
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originally abandoned. was subsequently re-entered and completed as an 
oil well. Good well-site techniques become increasingly important when 
dealing with this reservoir type. 

The types of authigenic clays present are both associated with 
production problems. Kaolinite is typically attached rather loosely to 
host grains. High fluid turbulence. especially close to the well bore. 
can detach kaolinite particles, allowing them to migrate to the pore 
throats. Clay stabilization, such as the introduction of polyhydroxy 
aluminum, if carried out early in the history of such a well, will help 
prevent such migration of fines. 

Chlorite is extremely sensitive to acid and oxygenated waters. 
Iron-rich chlorite, such as that in the Atkins Sandstone, will liberate 
iron during dissolution. Free iron may then reprecipitate as a 
gelatinous ferric hydroxide when the acid is spent. If acidization is 
desirable, an oxygen scavenger and an iron-chelating agent should be 
included in the treatment. It is also important to recover the full 
load introduced into the interval being treated without significant 
delays. The same precautions should be observed when dealing with 
ankerite cement, which is also present within the Atkins Sandstone. 



CHAPTER XII 

SUMMARY 

The principal conclusions of this investigation are: 

1. The geologic setting of the Atkins interval across the study 

area is a basinal setting on the northeastern slope of the Midland 

Basin. 

2. The Atkins interval is roughly equivalent to the stratigraphic 

interval on the eastern shelf between the Saddle Creek Limestone and 

Crystal Falls Limestone. 

3. Thickness of the Atkins Sandstone is directly related to the 

thickness of the Atkins interval. basinward to the point of maximum 

sandstone thickness. 

4. The sandstone distribution and depositional environment were 

influenced by the topographic relief of the Pennsylvaian limestone 

surf ace on which the Atkins interval was deposited. 

5. Delta-front to shallow marine environments were present along 

the northern and northeastern edges of the Lower Strawn platform. 

6. Sand was distributed over the Lower Strawn platform adjacent to 

Swenson and Salt Creek buildups as marine channels and fans. 

7. Composition of the Atkins Sandstone and regional slope of the 

geologic setting suggest that the Wichita-Amarillo uplift was the major 

source area. 

8. Original intergranular porosity of the Atkins Sandstone was 

reduced greatly by compaction and cementation. 
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9. Dissolution of unstable constituents produced well developed 

secondary porosity. 

10. Precipitation of clay minerals as pore fillings and grain 

coatings produced micro-porosity and significantly increased surface 

areas adjacent to porosity. but probably did not significantly reduce 

the total porosity. 

11. The possibility of future oil discoveries within the Atkins 

interval is promising along the trend of abrupt up-dip sandstone limits. 

12. Productivity of sandstone within the Atkins interval cannot be 

analyzed accurately merely by water-saturation calcultions. 

13. Once the feasibility of a production test has been established 

within the Atkins Sandstone. authigenic components should be identified 

and production techniques planned accordingly. 
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APPENDIX 

CRITERIA FOR DETERMINING SANDSTONE BED 

) 

BOUNDARIES ON ELECTRIC LOGS 

Case 1: Spontaneous-potential curve is 
well developed, Bed boundaries 
picked at inflection-point of a 
negative SP curve deflection. 

Case 2: Spontaneous-potential curve is 

not developed, and gamma-ray log 
is available. Bed boundaries 
picked between inflection-points 
of a less-counts-per-second gaITJUa
ray deflection and a decreased 
resistivity deflection. 

Case 3: Spontaneous-potential curve is 
not developed, and gamma-ray log 
is not available, Bed boundaries 
picked at inflection-points of a 
decreased resistivity deflection. 
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