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Late Diagenetic Indicators of Buried 0il and Gas: 1II,
Direct Detection Experiment at Cement and Garza 0il Fields,
Oklahoma and Texas, using enhanced LANDSAT I and II Images
ABSTRACT

The Cement o0il field, Oklahoma, was a test site for an experiment
designed to evaluate LANDSAT's capability to detect an alteration zone
in surface rocks caused by hydrocarbon microseepage. Loss of iron and
impregnation of sandstone by carbonate cements and replacement of gypsum
by calcite are the major alteration phenomena at Cement. The bedrock
alterations are partially masked by unaltered overlying beds, thick soils,
and dense natural and cultivated vegetation. Interpreters biased by
detailed ground truth were able to map the alteration zone subjectively
using a magnified, filtered, and sinusoidally stretched LANDSAT composite
image; other interpreters, unbiased by ground truth data, could not dupli-
cate that interpretation.

Similar techniques were applied at a secondary test site (Garza oil
field, Texas), where similar alterations in surface rocks occur. Enhanced
LANDSAT images resolved the alteration zone to a biased interpreter and
some individual altered outcrops could be mapped using higher resolution
SKYLAB color and conventional black and white aerial photographs suggesting

repeat experiments with LANDSAT C and D.



INTRODUCTION

An investigation was undertaken to determine if enhanced LANDSAT images
could discriminate the surface alteration zones in bedrock at the Cement oil
field, Oklahoma, in order to evaluate LANDSAT's usefulness as a direct detector
of 0il and gas deposits. Donovan (1974) described the nature of the altera-
tions at Cement and outlined possible mechanisms whereby they may have originated.
Part one of this two part report (Donovan and Dalziel, 1977) attempted

to formulate a general model for hydrocarbon microseepage and suggested

several geophysical and remote detection applications which might serve to
isolate alteration zones. This part of the report summarizes a LANDSAT experi-
ment designed expressly to delineate the alteration aureole at Cement (and a
secondary test site at the Garza oil field, Texas) with computer-enhanced

images. The work was supported, in part, under NASA Contract S-54039A.

THE PROBLEM

Surface mapping and geological, geochemical, and isotopic analyses
have clearly demonstrated that the Cement oil field has undergone a long
history of oil and gas microseepage (Donovan, 1974). The evidence for
this seepage manifests itself at the surface in a restricted zone along
the crest of the Cement anticline as isotopically unique carbonate cemen-
tation in sandstone and replacement of gypsum and a broader area of dis-
coloration (due to iron loss) in normally red-brown sandstone that closely
coincides with the vertical projection of the o0il and gas producing zones.
Because the Cement field presents a striking model for petroleum micro-
seepage studies and because the effects of this seepage are so boldly
evident in the rocks there, it was selected as a key study area to evaluate

the suitability of using computer-enhanced LANDSAT multispectral images to



detect alteration aureoles over oil deposits and thus serve as a direct
detection tool. This was believed to be especially appropriate because
the spectral reflectivity of rocks is particularly sensitive to variations
in the amount of oxidation state of the transition elements, especially
iron (Hunt and Salisbury, 1970; Hunt and others, 1971; Rowan and others,
1974; Goetz, 1975). However, the vividness of the diagenetic alterations
mapped at Cement is more than offset by masking by unaltered beds, thick
monochromatic soil cover, dense vegetation, and the cultural and agri-
cultural overprint. For these reasons, the Cement field provides an
extremely difficult yet realistic test site for an objective evaluation

of LANDSAT's alteration-zone detection capabilities.

METHOD

A wide range of computerized enhancements was generated in the attempt
to discriminate altered from unaltered rocks. The image processing
techniques used both individual and combinations of LANDSAT bands and
combined some of the following processing techniques: contrast stretches,
“sine" stretches, simulated true color, false color, boxcar filters,
ratios, classification/separation methods, ratio and hybrid color com-
posites, and digital enlargements of the data. Some enhancement pro-
cessing methods were employed based on previous experience involving
classification/separation techniques and others were suggested after
study of reflectance spectra of altered and unaltered rocks measured in
the laboratory or field. Initially, summer, fall, and winter scenes were
used without noticeable variations; subsequent enhancements and those

described here were done on an October, 1973,



scene, chosen because it was exceptionally free of noise and clouds. We
originally thought that the seasonal changes would have a measurable impact
on the vigor of vegetation, the area of soil/rock obscured by vegetation,
and the spectral response of vegetation types, but the time frame had no
real impact on the scene or final processed results. The enhancements
listed above were done at the U.S. Geological Survey, Image Processing
Facility, Flagstaff, Arizona. Detailed descriptions of the procedures

can be found in Eliason and others (1974), Chavez (1975), Chavez and

others (1977), Condit and Chavez (in press) and Taranik (1978).

High altitude color, and conventional black and white and color
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infrared vertical aerial photographs were studied to provide additional
detail and a series of visual observations and hand-held photography
experiments were conducted from light aircraft. Soil, geochemical, iso-
topic, and geologic maps were compiled or constructed to quantify the
observable surface alterations and these maps provided the basic set of
reference materials for comparison with the enhanced images. Similar
techniques were used at a secondary test site (Garza oil field, Texas).
An attempt to map alteration phenomena in the Powder River basin, Wyoming,
was aborted because the Tertiary coal-bearing sequences outcropping
throughout much of the basin and underlying rocks, where exposed; are
commonly masked by a secondary gypsum coating; presumably it is precipi-
tated as an end-product of the oxidation of sulfur components in the coal
and coaly shales. This problem needs to be investigated with care and is

beyond the scope of the problem at hand.

) THE TEST SITES
The Cement Qi1 Field
The Cement oil field is Tocated in the southeastern Anadarko basin
in Caddo and Grady Counties, Oklahoma. The field is a multizone anti-
clinal oil and gas accumulation in a sequence of clastic, evaporite, and
carbonate rocks of Early Pennsylvanian to Early Permian age. The struc-
ture is a northwest-southeast trending elongate asymmetric doubly plunging
anticline. Details of the geology can be found in Reeves (1922), Harlton
(1960), and Herrmann (1961). The general geology of the region is shown
on fig. 1. By 1968, the Cement field had produced more than 120 million
barrels of oil; the remaining reserves are estimated to be 14.5 million bbl

placing it in the Giant class (Halbouty, 1968).



An area of about 75 km?

is productive. Approximately half of the
0il and gas production is from Permian sandstone reservoirs, the rest is
from Pennsylvanian clastic and carbonate rocks. The following quote
(Donovan, 1974, p. 429) summarizes the nature of the surface alterations
at Cement and how they may have developed:

"Striking mineralogic and chemical changes occur in outcrops of a
Permian redbed sequence overlying oil-productive parts of the prolific
multireservoir oil accumulation at the Cement anticline... Gypsum beds
along the flanks are altered abruptly to erosion-resistant carbonate
rocks at the crest of the fold in the Keechi Hills. Associated sandstones,
typically red and friable in the surrounding region, are altered to pink,
yellow, and white on the flanks of the Anticline and to hard carbonate-
cemented gray sandstone at the crest. The zone of cementation, confined
to sandstone intervals, extends to a depth of at least 2500 ft.

"Calcitized gypsum exceptionally deficient in c!3 and Tight-carbon/
heavy-oxygen cements directly overlie petroleum-productive zones near
regions where fluids have superior vertical avenues of communication
(faults and an unconformity at shallow depths and of limited extent along
the crest). Away from these avenues of leakage, the influence of hydro-
carbons on the isotopic composition of the carbonate cements decreases
systematically. Color changes in the sandstones are related to reduction
and dissolution of iron in the presence of hydrocarbons.

"Much of the hydrocarbons leaked from Missourian reservoirs beneath
the crustal unconformity. Dense crude oil from stratigraphically discon-
tinuous reservoirs along the basinward flank of the structure are associa-

ted with low-salinity pore water. Paraffinicity and salinity of waters
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Explanation

Soil 1. Deep, loamy and sandy, nearly level soils on flood plains

Soil 3. Deep and moderately deep, loamy, nearly level to sloping soils
on uplands ' -

Soil 4. Deep and shallow, loamy, nearly leve1 to steep soils on uplands
Soil 5. Deep, sandy, very gently sloping to hilly soils on uplands
Soil 6. Deep and shallow, loamy, very gently sloping to hills on uplands

Soil 7. Deep, loamy, nearly level to gently sloping soils underlain by
loamy or clayey material; on uplands

Figure 2. Soil map, Cement area, Oklahoma
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decrease systematically with increasing depth of burial; these salinity
variations, initially effected by ingress of water squeezed from expandable
clays in the bordering basin, may have played a role in the selective
solution of Tow-molecular-weight fractions. Water, vertically expelled
along the crest, was desalted in passing from sandstone to shales. Large
volumes of sandstone thereby were cemented off in shallow Permian rocks

in places over the crest; the uncemented sandstones are petroleum-
productive down the flanks."

The surface alterations described above were documented by careful
field mapping. Although Rush Springs Sandstone outcrops displaying the
discolorations and mineralization are abundant, they are commonly small
and overlain by unaltered beds of the Cloud Chief Formation and (or) thick
soil cover and dense vegetation.

The topographic surface in the Cement area is generally rolling and
cut by deep drainage channels. The Cement anticline is topographically
expressed and the crestal reaches of the structure are accentuated by the
erosion-resistant Keechi Hills (Reeves, 1922). Streams in the region
are bordered by cottonwood, oak, sycamore, and willow trees and dense
underbrush. Valley slopes and uplands are well drained and the uplands
are covered by scrub oak and grasses where they are not under cultivation.
Peanuts, grain sorghum, cotton, alfalfa, wheat, and melons are cultivated
in the immediate or surrounding area. The average annual precipitation
in the region is about 70 cm and there are approximately 220 days
between the first and last killing frosts of fall and spring.

Soils of the region typically are well-developed zonal Red and

Yellow Podzolic soils (U.S. Soil Conservation Service in Millar, and others
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Explanation
ystem Series Group Formation
Holocene Qal Alluvium
s Windblown sand
Juaternary t | Fluviatile terrace deposits
Pleistocene Playa deposits
Qcs Windblown cover sand
Qtu Tule Formation
‘ertiary Miocene “To Ogallala Formation
Comanche Peak Ls,
‘retaceous Lower Kcwa| Walnut Clay, undiv.
N Antlers sand,* undivided
riassic Dockum Group, undiv. | Rd

*Trinity Sand of U.S.G.S. usage.

Figure 13. Geologic and location map, Garza area, Texas.
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