



































































































































































































































































































































































































































































































































































































































































































































































































































Oklahoma Geclogical Survey Special Publication 91-3

STOP 15
Parallel Folds and the Thatcher Creek Member
in Blue Creek Canyon

Blue Creek Canyon is situated in northern Comanche County, sec. 11, T4N, R13W.

Deborah A. Ragland
Conoco Inc., Ponca City

Sherman S. Smith and R. Nowell Donovan
Texas Christian University

INTRODUCTION

Blue Creek Canyon is ~15 mi north-northwest of
Lawton in southwestern Oklahoma (T4N, R13W). This
area has been the subject of extensive study (Donovan,
1982; Donovan and others, 1986,1988,1989), for the Can-
yon is occupied by the Blue Creek Canyon fault, a major
member of the complex of faults in the frontal fault zone
between the Wichita uplift to the south and the Anadarko
basin. Geographically, the canyon separates the eastern
and western Slick Hills.

In this contribution we concentrate on two aspects of
the geology of the Blue Creek Canyon area: (1) the base of
the Cool Creek Formation; and (2) the style of folding
developed in the Arbuckle limestones, as exemplified by
the Paradox anticline, one of four principal folds that are
found in the canyon area.

THE THATCHER CREEK MEMBER,
BASE OF THE COOL CREEK FORMATION

When he recognized the Cool Creek Formation in
1933, Ulrich took the lower boundary to be the change
from the heavier (sic) beds of limestone at the top of
McKenzie Hill Formation to the more easily eroded beds
of the Cool Creek. Subsequently, Ham (1956) recognized
that the base of the Cool Creek Formation was rich in
" quartz detritus. In 1985, Ragland and Donovan formally
recognized the first obviously quartz-rich sequence
above the “heavier” beds of the McKenzie Hill as the base
of the Cool Creek Formation. As the sequence has a
“tough gritty limey” character, they named it the
“Thatcher Creek Member.” Subsequently, this member
has been traced on the outcrop for >100 mi through the
Slick Hills, and has also been detected in the Arbuckle
Mountains. It has recently been the subject of a detailed
facies analysis (Ragland and Donovan, 1991).

The type section of the Thatcher Creek Member is lo-
cated on Thatcher Creek, a tributary of Blue Creek, where
the member is 12-16 ft (~3.5-5 m) thick and has weath-
ered to form a conspicuous gully. The member is a multi-
storied bed composed of limestone that contains variable
amounts of detrital quartz. This characteristic has been
confirmed at a large number of sites within the Slick Hills
(Ragland and Donovan, 1991). Typically, exposures of the
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Thatcher Creek Member contain 5-40% quartz-sand
grains in generally thin-bedded units. Associated sedi-
mentary structures, often visually highlighted by the
quartz sand, include parallel lamination, symmetrical
ripple marks, and medium- and small-scale trough cross-
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Figure 1. Measured section of the Thatcher Creek Member
at its type locality in Blue Creek Canyon. From Ragland
and Donovan (1991).
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Figure 2. Thin section showing a typical development of
Thatcher Creek lithology. In this specimen ~30% of the
grains are monocrystalline quartz. There is one conspicu-
ous polycrystalline grain in the middle of the view. Some
grains show corroded edges, while others show syntaxial
overgrowths. Polarized light; field of view is 9 mm across.

bedding. Disrupted bedding, vertical burrowing, and
horizontal trace fossils are commonly seen (Fig. 1). In
addition, mud cracks are developed at some sites. Grains
associated with the quartz detritus include intraclasts,
ooids, and, more rarely, bioclasts. The quartz-grain popu-
lation is generally unstrained; polycrystalline grains are
rare; some grains show linear inclusions (Fig. 2). Feldspar

may form as much as 10% of the grain population and is
usually fresh microcline or orthoclase. Grain size ranges
from coarse silt to coarse sand, while sorting varies con-
siderably, from poorly sorted to moderately well sorted.
Many individual grains are well rounded, others are an-
gular, while some have been corroded during diagenesis.
On the other hand, other grains show significant syntaxial
overgrowths. Clearly, waters percolating through the
Thatcher Creek Member were capable of either dissolving
or precipitating quartz.

It has been suggested by Ragland and Donovan (1991)
that the Thatcher Creek Member is tangible evidence of a
gradual fall in sea level (or a slowed rate of subsidence)
that began in the aulacogen during the time of deposition
of the uppermost McKenzie Hill Formation. Supporting
evidence for this interpretation is found in the uppermost
100 ft (~30 m) of the McKenzie Hill, which is composed of
laterally interweaving algal boundstones and micrites
that display such shallow-water features as mud cracks
and evaporite pseudomorphs. Dispersed fine-grained
quartz sand is found in the McKenzie Hill throughout this
upper interval; what makes the Thatcher Creek Member
so distinctive is that it is a facies that has concentrated
quartz in sufficient amounts that it has greatly influenced
facies recognition and delineation. The Thatcher Creek
Member is the uitimate product of an influx of quartz
sand that was associated with the shallowing of marine
waters across the aulacogen. As quartz sand was intro-
duced into the aulacogen via eolian processes, tides,
waves, and storms reworked the detritus into a variety of
shallow-water settings.

AREA COVERED IN PHOTOGRAPH
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Figure 3. Simplified map of the Blue Creek Canyon area showing the distribution of the
principal folds. “Area covered in photograph” is shown in Figure 4. From Donovan (1990).
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PARALLEL FOLD STYLES IN BLUE CREEK CANYON

The Thatcher Creek Member is important in that itis a
distinctive unit that functions as a punctuation-mark bed
in the interpretation of Arbuckle Group stratigraphy. Be-
cause it is so conspicuous, it also functions as a very valu-
able marker bed in structural interpretation (Donovan
and others, 1989).

In terms of its response to tectonic stress, the Arbuckle
Group is an immensely thick unit of beds with similar
mechanical properties that have an ubiquitous built-in
anisotropy in the form of relatively thin layering. It is thus
an ideal unit in which to study the development of paral-

Figure 4. Aérial photograph showing a bifurcation point in
the Paradox anticline. Area covered in photograph is
shown on map in Figure 3. From Donovan (1990).

lel fold styles. Other strain responses are the brittle char-
acter of the rock and the ease with which the carbonates
will dissolve when stressed.

Fold styles developed in the Slick Hills exhibit a paral-
lel form in which profile adjustments are achieved by fre-
quent horizons of layer-parallel faulting. Usually these
adjustments can only be detected where they become
discordant in the hinge area of the folds. Most folds devel-
oped in the Arbuckle Group have semi-chevron profiles
with sharply defined hinge areas and planar limbs.

The folds in Blue Creek Canyon are spectacular even
by Arbuckle Group standards in that, because they
plunge consistently to the north at an angle of 20-30°,
they show a structural relief in excess of 2,700 ft (~850 m).

Donovan (1990) described the parallel fold relation-
ships in the Paradox anticline in Blue Creek Canyon (Fig.
3). His study focused on a bifurcation point where this
anticline diverges upwards into three folds, the Kimbell
anticline, the Kimbell syncline, and the upward continu-

. ation of the Paradox anticline (Figs. 4,5). More recently,

Smith (1991) expanded Donovan'’s study to include an
analysis of the entire Paradox anticline and the related
Blue Creek syncline. He noted that parallel fold style is
retained throughout both folds and that, in essence, the
pattern seen is the established one by which geometri-
cally consistent packages of beds are separated from each
other by décollement surfaces. Above each décollement
in the anticline, and below each décollement in the syn-
cline, beds generally tighten and in some cases break (Fig.
6). In this way, each décollement compensates for the
space problems that are generated when bed thicknesses
are held constant.

A total of 24 fold décollement-bounded segments have
been recognized in the Paradox anticline and 14 in the
adjacent Blue Creek syncline (the smaller number in the
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Figure 5. An outline sketch of geometric relationships seen in Figure 4.
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Figure 8. A view of hinge crowding in the axis of the Kimbell syncline. The view is
toward the northwest; to the left is the Kimbell anticline (see Fig. 3). Notice how the
zone of crowding in the hinge of the syncline passes upwards into a broad open
synclinal structure; a décollement surface marks the top of the “crowded zone.”

syncline reflects the fact that this fold is partly overridden
by the Blue Creek Canyon fault). The tightness of these
structures ranges from tight folds of chevron type to
broad open folds. The thickness of segments increases
from 10 to 20 ft (~3-6 m) near the base of the fold to >100
ft (~30 m) near the top. This increase in segment thick-
ness relates to two factors:

1) The plunge of the fold decreases to the north (to-
ward the higher structural levels); and

2) Toward the north the folds, especially the anticline,
are broader and more open; i.e., they have a greater wave
length with more gentle limb dips. In other words, the
folds are more tightly constrained at lower structural lev-
els in the south of the area.

The different fold segments show quite considerable
variations in orientation and plunge. In other words,
analysis of folds of this type requires complex three-
dimensional balancing. Thus it is necessary to consider
not only movement of material perpendicular to the fold
axis (the conventional cross-section approach), but also
movement parallel to the axis. Unfortunately, the lime-
stones of the Arbuckle Group are not amenable to de-
tailed balancing, because of an absence of finely tuned
biostratigraphic control and the general homotaxy of the
lithologies.

While much of the space problem resulting from the
parallel form of the folds is accommodated by décolle-
ment surfaces, some strain was taken up by pressure so-
lution, which is seen as axial-plane cleavage wherein
pressure-solution stylolites transect bedding. This cleav-
age is particularly well developed in the hinge areas of
tight fold segments.
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