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Glyptodonts—Car-Sized Armadillos

Glyptodonts were relatives of the
armadillos that originated in South
America in the Eocene and diversified
there through much of the Cenozoic. They
left their home continent for the first time
in the late Pliocene, around 2.5 million
years ago, when they migrated to North
America after the Panama land bridge
became dry land. One of these heavily
armored mammals, Glyptotherium ari-
zonae, reached a length of about 3 meters
and probably weighed at least a ton. Glyp-
todonts went extinct in the late Pleisto-
cene.

Pieces of the armored shell of a glyp-
todont were recently found in Alfalfa
County, Oklahoma, and constitute the

northernmost known occurrence of these
animals. The species, G. arizonae, is one
that indicates a time range between late
Pliocene to early Pleistocene for the de-
posit in which it occurred. Vertebrate-
fossil-bearing deposits of that age are rare
in Oklahoma. (See the feature article “A
Glyptodont [Mammalia: Xenarthra] from
Northern Oklahoma” on p. 4 of this issue.)

Nicholas J. Czaplewski

Sam Noble Oklahoma Museum of
Natural History and Department of
Zoology, University of Oklahoma,
Norman

Cover drawing by Brian Ford

1 sincerely regret having to reduce the Oklahoma Geology Notes to a single
issue for 2004. Problems (some urforeseen and some unnecessary) arose dur-
ing the year that prevented the orderly development of the newsletter. Those
matters are being addressed and the Notes will be prepared and distributed on:
time beginning with the new fiscal year (July 1).

The normal price for an annual subscription will be reduced for the 2004
calendar year to $2.00.

Please accept my sincere apology for this embarrassing situation, and thank
you for bearing with us on this matter.

Sincerely,

Charles J. Mankin
Director
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A Glyptodont (Mammalia: Xenarthra) from Northern Oklahoma

Nicholas J. Czaplewski

Oklahoma Museum of Natural History
and Department of Zoology,
University of Oklahoma; Norman

ABSTRACT.—Fossil occurrences of glyptodonts in the United States are largely
restricted to the southern tier of states from Arizona to South Carolina, with
most occurring in the moist lowlands of the Gulf of Mexico Coastal Plain. A
part of the carapace of the glyptodont Glyptotherium arizonae is reported from
a locality in northern Oklahoma about 260 km north of the only previous state
record; it is the northernmost record of a glyptodont. The occurrence probably
reflects a late Pliocene=early Pleistocene (late Blancan-early Irvingtonian land-
mammeal age) distal expansion onto the southern Great Plains of the habitat
characteristic of the lowland tropical-subtropical Gulf of Mexico Coastal Plain
in which temperatures were suitable for these cold-sensitive xenarthrans.

INTRODUCTION

North American glyptodonts were heavy-bodied, ex-
tremely graviportal xenarthrans often likened to an arma-
dillo the size of a small automobile. They lived in marshy
lowlands and near permanent bodies of water. Glyptodonts
are members of a South American lineage of mammals that
entered North America via the Isthmus of Panama when that
isthmus became a dry-land connection between the two
continents in the Pliocene. They and many other terrestrial
mammalian (and other vertebrate) taxa entered North
America during a biogeographic event known as the Great
American Biotic Interchange or simply the Great American
Interchange. The range of one species, Glyptotherium ari-
zonae, included the southwestern United States and Gulf of
Mexico Coast, from southern Arizona to Florida (Fig. 1). I re-
port herein the new discovery of fossils of a glyptodont in
northern Oklahoma, the first to be found in the state in 75
years. (Abbreviations used in the text: Ma, mega-annum or
millions of years before the present; OMNH, Sam Noble
Oklahoma Museum of Natural History.)

The glyptodont specimen documented in this paper,
OMNH 72109, was found by Steve Schanbacher in early Sep-
tember 2002, near a dry tributary of West Clay Creek and the
small town of Carmen, about 15 ki S of Cherokee, Alfalfa
County, Oklahoma, at about 385 m elevation (OMNH local-
ity V1342). The geology of the locality is difficult to interpret
because of little topographic relief, few areal exposures of
strata, and the occurrence of the fossils in a shallow gully
between the ends of two erosion-control berms within a cul-
tivated field (Fig. 2). The plow layer in'the cultivated field is a
mixture of material from the eroded soil surface and the sub-
soil from which it was derived. Soils of the area are mapped
as the Quinlan-Woodward complex, which is said to have
formed under a cover of tall, mid, and short grasses in mate-
rial weathered from silty sandstone (Williams and Grover,
1975) of the underlying bedrock. The bedrock is mapped as
the Cedar Hills Sandstone of the El Reno Group, of Permian

age. The Cedar Hills consists of orange-brown to greenish-
gray fine-grained sandstone and interbedded layers of silt-
stone, with some red-brown shale; its thickness is typically
about 55 m (Morton and Fay, 1980).

The glyptodont fossil occurred in a massive fine silt—pale
reddish brown, and slightly cemented by carbonate—be-
tween the Permian bedrock and the soil. Although not well
exposed in the cultivated field or adjacent dry streambed,
the same silt in which the glyptodont occurred is exposed in
an erosional bank on the north face of a small bluff about
600 m WSW of the glyptodont site (Fig. 3). There the silt

Figure 1. Localities where fossils of Glyptotherium arizonae have
been discovered. Numbers indicate the following: 1—Curtis Ranch
and California Wash, Arizona; 2-——Virden local fauna, New Mexico;
3—Mesilla Basin Faunas B and C, New Mexico; 4—Tijeras Arroyo
Upper, New Mexico; 5—Western Mobile gravel pit, New Mexico;
6—Rock Creek local fauna, Texas; 7—Gilliland local fauna, Texas;
8—Holloman gravel pit, Oklahoma; 9—Carmen, Oklahoma; 10—
Santa Fe River sites (SF1, SF4A, and SF8A), Florida; 11—Inglis
1A, Florida; 12—Leisey Shell Pit 1A, Florida; 13—Reynolds Point,
Florida; 14—Kissimmee River, Florida.

4 Oklahoma Geology Notes ® v. 64, nos. 1-4 ¢ 2004



Figure 2. Panorama of the Carmen glyptodont fossil locality (OMNH loc. V1342) in a recently tilled field adjacent to a wooded dry tributary
of West Clay Creek. People are standing at the location of the glyptodont osteoderms. Photos by Donald G. Wvckoff.

forms a 1.3-m-thick unit unconformably accumulated ona  glyptodont also contained zones of small caliche nodules as
flat surface of dark red Permian shale (mapped as Cedar Hills ~ pebbles (Fig. 4).

Sandstone, but here it actually resembles the Cloud Chief The modern drainage system of West Clay Creek flows
Formation). The underlying Permian shale is capable of pro- northward into the Great Salt Plain playa on the Salt Fork of
ducing the Plio-Pleistocene silt, although the Ogallala For- the Arkansas River. No. Quaternary. deposits are presently
mation—which once probably covered the Permian shale in ~ mapped within 7 km of the fossil site in this drainage; only
this area—may also have provided an additional source for . Permian formations including the Cedar Hills Sandstone, the
the silt. The Plio-Pleistocene silt shows no internal structure - overlying Flowerpot Shale, and the underlying Bison Forma-
and appears to be wind-deposited (i.e., loess); it contains tion are kriown nearby (Morton and Fay, 1980). The nearest
zones of caliche pebbles, scattered root casts, and occasional - mapped Quatérnary deposits are terrace deposits 7-10 km
krotovinas (infilled animal burrows) having some carbonate north of the fossil site; nearer the Salt Fork. Some 25=30 km
deposition within them. Atop the silt is the modern soil hori: to the southwest of the fossil locality, the Cimarron River
zon, 40 cm thick and dark brown in color. A tabular caliche is flows: eastward. Broad Quaternary terrace deposits are
formed at the top of the silt layer where ground water perco- = mapped along the north side of the Cimarron River and its
lating through the soil encounters the silt. The same massive tributary Eagle Chief Creek to within 5 km of the glyptodont
silt layer is exposed in road cuts adjacent to section-line site; but these terrace deposits are on the other'side of the
roads to the W, NW, N, and NE of the glyptodont site. As in - low topographic divide separating the drainage basins of the
the erosional profile described above, the silt preserving the  Salt Fork of Arkansas River and the Cimarron River. The

modern soil horizon

Plio-Pleistocene silt
with caliche nodules

Permian silty shale

Figure 3. This erosional profile, ca. 600 m WNW of glyptodont site (in the SWY“NWYaNWYs sec. 29, T. 25 N, R. 11 W.),
shows the areal stratigraphy.
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TABLE 1.—MEASUREMENTS (IN MILLIMETERS) of Osteoderms
from a Part of the Carapace plus Disarticulated Osteoderms
of Glyptotherium arizonae (OMNH 72109) from Carmen, Oklahoma

Osteoderm pbsition Greatest Least Diameter of Number of
on-carapace N diameter diameter central figure peripheral figures
marginal (first) row 5 48.0.(39~54) 42.8 (35-48) = —
second row 6 41.3 (36-47) 43.7 (35-53) 37.5(32-41) 8.0 (6-10)
interior osteoderms 75 42.0 (35-47) 38.9 (29-48) 22.3(18-29) 8.4 (4-10)
disarticulated

interior osteoderms 4 45,7 (43-48) 35.0 (30-40) 19.5 (18-21) 7.3 (7-8)

Note: Measurements are given as means, with the observed range in parentheses.

Figure 4. This detail of a horizon exposed along a gully: shows caliche pebbles with
glyptodont osteoderms in situ. Two osteoderms are actually present in this view,
although only part of one is apparent in the photograph (about 10 ¢m beyond the
tip of the arrow). The Nerth arrow is 30 mm long, divided into decimeters. Photo by

Donald G. Wyckoff.

ridge crest separating the Salt Fork and Cimarron drainages
is about 2.5-3 km SW of the glyptodont locality.

Digging at the fossil locality revealed a section of the cara-
pace and several additional osteoderms of a large glypto-
dont. (Osteoderms are plates of bone beneath the horny
scutes or scales.) No other taxa were found. The largest piece
of carapace is about 0.11 m? in area and is made up of 86 ar-
ticulated osteoderms (Figs. 5, 6). It represents a small frac-
tion of the posterior region of the carapace; probably neatr
the dorsal part of the caudal aperture, It includes five border
osteoderms along the aperture. This piece was flattened
postmortem and after being disarticulated from the remain-
der of the carapace. In addition, a few other osteoderms
were found nearby. Four of these were articulated with one
another (Fig. 5), and the remainder were disarticulated and

isolated. The patch of four are from the interior
of the carapace. The internal surfaces (against
the viscera) of the osteoderms in the articulated
section show no evidence of roughened attach-
ment points for the ischium, ilium, or neural
ridge of the sacrum. The internal surfaces are
flat to slightly concave and smooth with occa-
sional small pits; their irregular polygonal out-
lines are apparent on internal view (Fig. 6B).
Two of the isolated osteoderms have a conical
projection of the central figure and very rugose
joint surfaces situated well beneath the out-
wardly projecting central tubercle (Figs. 7 and
8). These two represent the second row of oste-
oderms, just inside the marginal row along the
posteroventrolateral region of the carapace. No
osteoderms were recovered from the caudal ar-
mor or cranial shield. A small piece of bone
about 5 cm long and 1.3 ¢m wide and shaped
likea flattened cylinder (i.e., oval in cross-sec-
tion, but crushed) was the only non-carapacial
fragment recovered, but the element is uniden-
tifiable.

Measurements of osteoderms in the articu-
lated piece of carapace were made approxi-
mately perpendicular to the short preserved section of mar-
gin and parallel to the margin; these amounted roughly to
longandshort diameters of each osteoderm as measured at
the external surface. (The measurements are summarized in
Table 1.) Thickness of the articulated osteoderms could not
be measured, but that of several isolated osteoderms ranges
from 16 to. 20 mm: The central figure makes up most of the
external surface of the osteoderms at the margin and in the
next row or two:-adjacent to the margin, but diminishes
quickly on osteoderms interior to these rows.

The species of glyptodonts known: north-of Mexico—
Glyptotherium texanum; G, arizonae, and G. floridanum—
are fairly easy to distinguiish-among the few nearly complete
carapaces that have been found. However, isolated osteo-
derms are much more difficult to identify. Nevertheless, au-

6 Oklahoma Geology Notes ® v. 64, nos. 1-4 * 2004



thors often have assigned isolated osteoderms to species. To
my knowledge, the variability in osteoderms across a single
entire carapace of a glyptodont species has not been as-
sessed, nor has the variability in osteoderms of complete
carapaces between the species. This is due in part to the rar-
ity of complete carapaces, but also no doubt to the complex-
ity of osteoderms within a carapace. In their monographic
review of North American glyptodonts, Gillette and Ray
(1981) described some of the characters of the carapacial
osteoderms that help in identification of the three species
that are known north of Mexico. In terms pertinent to the
features that are observable in the Carmen specimen: G. tex-
anum has “border scutes not greatly enlarged; scutes small,
central figures convex, larger than peripherals, frequent deep
hair follicles; posterior border of carapace recurved weakly
or not at all; central figures of scutes usually convex, fre-
quently with deep medial depression . . . scutes of carapace
disposed in transverse and oblique rows; posterior border
scutes variable from flat to weakly conical.” Glyptotherium
arizonae has “scutes large, central figures of scutes slightly
greater than half the scute diameter, always slightly larger
than peripherals, flat to weakly convex. . .lateral scutes of
first interior row with rounded central boss.” Glyprotheriium
floridanum has “scutes small in females with marginal
sculpturing at suture; scutes large for males, without mar-
ginal sculpturing at sutures; central figures of scutes approxi-
mately equal in size to peripherals, usually slightly raised
and weakly concave . . . posterior border scutes of females
with pointed conical bosses; posterior border scutes of males
bluntly conical.” Gillette and Ray (1981, p. 176) further noted
for G. arizonae that the “Interior scutes are large and thick,
averaging approximately 50 mm side-to-side diameter. As
Gidley (1926) stated, the central figures are larger.than the
peripherals, and they measure approximately half the scute
diameter. Peripheral figures are considerably smaller. ... The
number of peripheral figures varies from six to 11 or 12, with
eight the most common. The central figures generally are
depressed, as Gidley (1926) observed, except near the mar-
ginal areas of the carapace, The outer surfaces of the scutes
are flat, rugose, and pitted.”

Figure 5. Glyptotherium arizonae (OMNH 72109): a
part of the carapace during collection (at left) and four
other articulated osteoderms preserved internal side
up (at right between the base of the North arrow and
the paintbrush). The arrow is divided into decimeters.
Photo by Donald G. Wyckoff.

Figure 6. Glyptotherium arizonae, OMNH 72109. This is the same
section of carapace as in Figure 5, after preparation. (A) external
surface; (B) internal surface.

Oklahoma Geology Notes ® v. 64, nos. 1-4 e 2004 7



Figure 7. Glyptotherium arizonae, OMNH 72109: exiernal faces of
additional isolated osteoderms that were associated with the partial
carapace. Top row—interior osteoderms. Lower left—osteoderms
of second ot third row interior to marginals. Lower right—two osteo-
derms from first row interior to marginals; from the posteroventro-
lateral area of the carapace.

In the Carmen glyptodont, the osteoderms are large and
relatively thick, with the central figures flat and larger than
the surrounding peripheral figures (Fig. 6A). The number of
peripheral figures varies from 8 to'10 on most of the interior
osteoderms, although those nearer the border-and second
row in may have as few as 4.or 5 peripheral figures. The
osteoderms of the second row have very large central figures
with few (2-6) peripheral figures. The peripheral figures are
punctate but do not show sculpturing or radial grooves
(small grooves radiating outward from the central figure).
Hair follicle pits are present but not prominent: The size and
morphology of the osteoderms from Carmeén match those of
Glyptotherium arizonae as described by Gidley (1926) and
Gillette and Ray (1981) as well as specimens of G. arizonae
from the Holloman gravel pit, Oklahoma(OMNH 2112), and
the Gilliland local fauna from the Seymour Formation in
Knox County, Texas (OMNH 5867; see Gillette and Ray, 1981;
Dalquest and Carpenter, 1988). The Carmen osteoderms are

pace; others are interior carapacial osteoderms.

Figure 8. Glyptotherium arizonae OMNH 72109: an edge view of some of the same
osteoderms as in Figure 7. The middle osteroderm and the second from the right
belong to the first row in from marginals on the posteroventrolateral area of the cara-

thicker and have less obvious hair follicle pits than those of
G. texanum from the Blancan sites at Cita Canyon, Texas
(OMNH 52575), and the 111 Ranch; Arizona (OMNH 52412,
52411, 52438). They lack the marginal sculpturing and are
larget with larger central figures relative to the peripheral fig-
ures than osteoderms of G. floridanum.

DISCUSSION

The earliest glyptodonts to appear in the fossil record in
the southern United States are referable to the species Glyp-
totherium texanum: They reflect the early late Blancan land-
mamimal age, representing geological time from abotit 2.7 to
2.2 Ma and predate the slightly later species G: arizonae. Ac-
cording to Morgan and Lucas (2003), correlated biostrati-
graphic, magnetostratigraphic; and radioisotopic data indi-
cate that published records of G.'arizonae from the southern
United States are late Blancan to early Irvingtonian in-age,
representing the interval from about 2.7 to 1.2 Ma. However,
within this time span, most of the records (and all those from

‘the western United States) are from the latest Blancan to

early [rvingtonian interval (2.2-1.2 Ma). The earliest of these,
in the early late Blancan (2.7-2.2 Ma), are restricted to
Florida and include the localities called Santa Fe River 1,
Brighton Canal, Kissimmee River, and St. Petersburg Times.
The latest Blancan sites (2.2-1.8 Ma) include Curtis Ranch,
Arizona (the type locality for G. arizonae; Gidley, 1926);
Mesilla Basin Fauna B and Virden, New Mexico; and Inglis
1A, DeSoto Shell Pit, and Haile 7C, Florida. Early Irving-
tonian sites (1.6-1.2 Ma) include Leisey Shell Pit, Florida;
Gilliland and Rock Creek, Texas; Mesilla Basin Fauna C, New
Mexico; and Holloman Gravel Pit, Oklahoma. Glyprotherium
arizonae is unknown after the early Irvingtonian. In fact, af-
ter this time glyptodonts disappear from the fossil record in
the United States until the late Rancholabrean land-mam-
mal age (0.5 Ma) when the species G. floridanum reappears
in late Pleistocene faunas of Florida, South Carolina, and
Texas (Gillette and Ray, 1981).

The Carmen occurrence is the northernmost record of a
glyptodont in North America and only the second record of a
glyptodont in Oklahoma. At 36°37’ N, the Carmen locality is
slightly farther north than glyptodonts from the Albuquer-
que Basin of New Mexico (Western Mobile gravel pit at
about 35°20" N; also Tijeras Arroyo, slightly
farther south) reported by Morgan and Lucas
(2000, 2003). All represent the species G. ari-
zonae.

The only other Oklahoma record of a
glyptodont is that already mentioned, G. ari-
zonae from the Holloman gravel pit, near
Frederick, Tillman County, about 260 km
south of the Carmen locality. A partial cara-
pace and associated large series of disarticu-
lated osteoderms discovered at Holloman in
1927 (Gould, 1929) were donated in 1928 to
the University of Oklahoma by the Oklahoma
Geological Survey. These were examined by
Simpson (1929), who thought they might
represent an undescribed species, but other

8 Oklahoma Geology Notes e v. 64, nos. 1-4 e 2004



osteoderms and a lower jaw with two teeth found about the
same time at the Holloman gravel pit were referred to the
species Glyptodon petaliferus by Hay and Cook (1930). The
name Glyptodon petaliferus is a junior synonym of Glyp-
totherium arizonae (see Gillette and Ray, 1981). The partial
lower jaw and two associated marginal osteoderms men-
tioned by Hay and Cook (1930) were later used as the basis
for the new genus and species Xenoglyptodon fredericensis
by Meade (1953). However, the name Xenoglyptodon fred-
ericensis was also later synonymized with Glyptotherium
arizonae (Gillette and Ray, 1981). Most of the Holloman
osteoderms at the University of Oklahoma were incorrectly
reassembled into a “carapace” (Gillette and Ray, 1981; Smith
and Cifelli, 2000) in which the individual osteoderms were
laid into plaster with no regard for their original proper tight
pattern of articulation; this reconstructed carapace and a few
separate osteoderms remain in the OMNH collection as
catalog no. 2112. The fauna from the Holloman gravel pit is
considered early Irvingtonian in age (Dalquest, 1977).

The first glyptodonts reached the present-day United
States in the middle of the Blancan land-mammal age, about
2.7 million years ago (Morgan, in press). In fact, the begin-
ning of the late Blancan is defined on the first appearance in
the fossil record in temperate North America of glyptodonts
and other South American immigrants that participated in
the Great American Biotic Interchange. Each of the three
species of glyptodonts recognized in the Pliocene and Pleis-
tocene of the United States is virtually restricted to a differ-
ent North American land-mammal age: Glyptotherium tex-
anum occurred in the late Blancan, G. arizonae is known in
the latest Blancan but primarily occurs in the Irvingtonian,
and G. floridanum occurred in the Rancholabrean. G. ari-
zonae is known at fossil localities ranging from Arizona to
Florida (Gillette and Ray, 1981, fig. 3). Based on biocorre-
lation, most of these localities, including the Holloman
gravel pit, reflect the early Irvingtonian land-mammal age,
although the type locality in Arizona and two sites in New
Mexico are considered to represent the latest Blancan land-
mammal age (Morgan and Lucas, 2000, 2003). Identification
of the Carmen specimen as G. arizonae indicates an age
from latest Blancan to early Irvingtonian (2.2 to 1.2 million
years ago; ages from Morgan, in press) for the Carmen site.
Without associated time-diagnostic fauna or other evidence,
one cannot further constrain the age of the Carmen site.

Glyptodonts in North America are usually associated with
other species of fossil vertebrates (semiaquatic birds, turtles,
capybaras, ground sloths, and other shelled xenarthrans
such as pampatheres and armadillos) and sedimentological
conditions which suggest that they inhabited moist to wet,
tropical to subtropical, flat, open lowland habitats such as
swamps, matshes, seasonally flooded savannas, and pond
and stream margins—reflecting their tropical origins (Webb
1978, 1991; Morgan, in press). Akersten (1972) thought that
the restricted mobility of their head and neck, short stature,
and ponderous body would not have predisposed them to
feed on tall vegetation or live on hilly terrain. Gillette and Ray
(1981) concluded that the habitat requirements of Glyptothe-
rium species “were rather restrictive: proximity to standing
water in a region with extensive lowland terrain; lush tropical

Oklahoma Geology Notes e v. 64, nos. 1-4 . 2004

or subtropical vegetation; a warm climate without excessive
extremes of temperature; and high, relatively constant mois-
ture (for maintaining the permanent bodies of water and the
abundant vegetation).” McNab (1985) suggested that, given
their large body mass, glyptodonts’ southerly distribution in
North America could indicate temperature sensitivity due to
a low metabolic rate like that of living xenarthrans. The oc-
currence of the specimen near Carmen suggests that the
habitat and environmental tolerances of this moist-lowland-
inhabiting mammal of Neotropical ancestry—which other-
wise occupied the subtropical savannas of the Gulf of Mexico
Coastal Plain and low-lying parts of the present-day south-
western United States—were met far (950 kin from the
present Gulf of Mexico coastline) inland on the southern
Plains during some period within the interval from latest
Blancan to early Irvingtonian. Glyptotherium arizonae, which
was more widely distributed than its congeners G. texanum
and G. floridanum, was possibly tolerant of a broader range
of variables in environment or habitat (such as cold toler-
ance or water-conserving capability due to its larger body
size), enabling it to live farther north. Alternatively, the habi-
tat of the Gulf Coastal Plain or moist lowland (or both) might
have extended farther north during the latest Blancan-
Irvingtonian interval than it did earlier in the late Blancan or
later in the Rancholabrean, into the southern Great Plains in
what is now northern Oklahoma and into the Rio Grande rift
in what is now New Mexico. This might have occurred dur-
ing a postulated warm, humid interval around 2.0-1.8 Ma
(Thompson, 1991).
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Status of Oklahoma’s STATEMAP Program

Thomas M. Stanley and Galen W, Miller
Oklahoma Geological Survey

ABSTRACT.—In 11 years of the STATEMAP program, the Oklahoma Geological
Survey has published 35 geological maps of 7.5’ quadrangles at 1:24,000 scale
and 11 sheets at 1:100,000; they are available in paper form and as digital files.
The mapping program responds to land-use concerns, notably in the Okla-
homa City and Tulsa metropolitan areas. In addition to detailed mapping
(Project 1), STATEMAP also is doing reconnaissance field mapping (Project 2);
maps generated from Project 2 will contribute to a forthcoming geological map
of the State at 1:500,000. Further detailed mapping is contemplated for the Tar
Creek Superfund Site in Ottawa County. Procedures for digitizing geological
data to be overlaid on a standard topographic base have proved satisfactory,

although problems persist.

INTRODUCTION

This year marks the eleventh anniversary of the Okla-
homa Geological Survey’s STATEMAP program. The OGS
has published 35 detailed 7.5 geologic maps at a scale of
1:24,000, and 11 reconnaissance geologic maps at 1:100,000;
they are available both on paper and in digital form. The in-
tent of STATEMAP is two-fold; the first is to map geology in
detail at 1:24,000 scale in and around concentrated urban
areas and their suburbs. Those areas need 1:24,000-scale
maps that incorporate all available surface data as well as
subsurface data from drill holes and geophysical surveys to
help define hazards, soil types, aggregate resources, and
ground-water aquifers; the maps should also help urban
planners, developers, and industry managers in making
land-use decisions.

Second is to publish geologic maps in modern digital
form at 1:100,000 scale. The quality of previous maps ranges
from good to poor; they were produced on various bases and
at several scales, and now their data should be compiled,
checked in the field, corrected, and digitized onto a single
standard topographic base. These small-scale geologic maps
should help agricultural concerns in rural areas as well as
aiding planners with GIS capability where urban growth is
slow. The same maps also will be used in compiling a new
1:500,000-scale geologic map of Oklahoma.

This report describes the status of the STATEMAP pro-
gram—the work so far, current and future mapping projects,
and pitfalls encountered in developing a digital mapping
program.

OVERVIEW

Since 1985 the Oklahoma Geologic Mapping Advisory
Committee (OGMAC) has aided the OGS in addressing Okla-
homa’s burgeoning problems in land use and resource de-
velopment in urban and agricultural areas. The work in-

volved participation in the U.S. Geological Survey’s Coopera-
tive Geologic Mapping Program (COGEOMAP), which in
1992 became the State Mapping component (STATEMAP)
under the National Geologic Mapping Act. In essence,
STATEMAP is a matching-fund program providing federal
assistance to state geological surveys in new mapping and
digital compilation of existing maps (Table 1). One result, the
OGMAC recommended continued mapping at 1:24,000-
scale (Project 1 mapping) along the front range of the
Ouachita Mountains, particularly in the McAlester region,
where emphasis is on land-use issues arising from growth of
McAlester. Also being examined are energy resources and
their development by the oil and gas industry in the Arkoma
Basin, and stratigraphic problems in the the lower Pennsyl-
vanian section (Suneson and others, 2001; Fig. 1).

By 1996, the OGMAC had also recommended a broader
mapping program (Project 2 mapping) that ultimately will
form the base of a new geologic map of the State. Project 2
consists of developing a series of 1:100,000-scale digital
maps compiled from previous mapping data published at
various scales, the work beginning in northwest Oklahoma
and in the Panhandle and later sweeping to the southeast
(Fig. 1). The northwest was chosen because the geology there
consists of a well-studied Permian section that is regionally
consistent and structurally simple (Suneson and others, 2001).
Unfortunately, the initial attempt to compile previous geo-
logic mapping directly from various sources at various scales
onto a uniform topographic base met with difficulty. One
problem arose from compilation methods that relied too
much on office procedures and too little on field checking.
The trouble was particularly evident in highly dissected ter-
rain, where the resulting digital map depicted geology and
geologic contacts radically discordant with the topographic
base. The immediate remedy, to add reconnaissance field
checking, helped in transferring geologic data from varied
sources onto a uniform base. Of course other benefits re-
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TABLE 1.-—YEARLY EXPENDITURE OF FEDERAL AND STATE MONEY SINCE INCEPTION
OF THE OkLAHOMA GEoLoaicAaL SURVEY's STATEMAP ProGRAM

Federal
fiscal year

Federal
dollars

State
dollars

Total project

Project map(s) and scale dollars

1993 * Heavener and Bates Quadrangles; Le Flore County. 1:24,000 $23,732 $20,000 $43,732

1994 ¢ Adamson and Hartshorne Quadrangles; Pittsburg County. 1:24,000 $61,844 $50,000 $111,844

1995 *» Krebs and Hartshorne SW Quadrangles; Pittsburg County. 1:24,000 $80,659 $30,000 $110,659

* McAlester and Savanna Quadrangles; Pittsburg County. 1:24,000

* Watonga and Foss Reservoir sheets; Ellis, Roger Mills, Beckham, Dewey,
Custer, Blaine, Kingfisher, Caddo, and Canadian Counties. 1:100,000

1996 $69,104 $68,967 $138,071

* Piedmont, Bethany NE, Edmond, and Arcadia Quadrangles; Kingfisher,
1997 Logan, Canadian, and Oklahoma Counties. 1:24,000

* Boise City sheet; Cimarron and Texas Counties. 1:100,000

$95,482 $86,433 $181,915

* Bethany, Britton, Spencer, and Jones Quadrangles; Canadian and Okla-
1998 homa Counties. 1:24,000

* Guymon and Beaver sheets; Beaver and Texas Counties. 1:100,000

$113,587 $95,158 $205,745

* Mustang, Oklahoma City, Midwest City, and Choctaw Quadrangles;
Canadian and Oklahoma Counties. 1:24,000

« Buffalo sheet; Harper, Woods, Ellis, and Woodward Counties. 1:100,000

1999 $70,642 $79,644 $150,286

* Oklahoma City SW, Oklahoma City SE, Moore, and Franklin Quadran-

2000 gles; Canadian, Cleveland, Grady, and McClain Counties. 1:24,000

$47,028 $45,966 $92,994

¢ Blanchard, Newcastle, Norman, and Denver Quadrangles; Canadian,
Cleveland, Grady, and McClain Counties. 1:24,000

* Woodward and Fairview sheets; Alfalfa, Blaine, Dewey, Ellis, Garfield,
Grant, Kingfisher, Major, Woods, and Woodward Counties. 1:100,000

2001 $167,804 | $121,422 $289,226

¢ Luther, Horseshoe Lake, Harrah, Stella, and Little Axe Quadrangles;
Cleveland, Lincoln, Logan, Oklahoma, and Pottawatomie Counties.
1:24,000

* Alva and Elk City sheets; Alfalfa, Beckham, Custer, Garfield, Grant,
Greer, Harmon, Kiowa, Roger Mills, Washita, Woods, and Woodward
Counties. 1:100,000

2002 $130,123 | $124,494 $254,617

* Claremore and Sageeyah Quadrangles; Rogers County. 1:24,000

¢ Anadarko, Altus, and Vernon sheets; Caddo, Canadian, Custer,
Greer, Kiowa, Harmon, Jackson, Tillman, and Washita Counties.
1:100,000

2003 $121,572 | $110,789 $232,361

* Collinsville and Sperry Quadrangles; Rogers and Tulsa Counties.
1:24,000

» Lawton sheet; Caddo, Comanche, Cotton, Grady, Kiowa, Stephens,
and Tillman Counties. 1:100,000

2004 $94,069 $86,231 $180,299

TOTALS $1,070,017 | $924,733 | $1,994,749

sulted from even cursory field checking; those benefits, and
related matters, will be described later in this report.

After 1996, emphasis in the federal STATEMAP program
shifted from detailed mapping that stressed development of
energy resources (particularly where population growth was
low) to emphasize problems of urbanization and associated

use of land and water. Under this new policy, the OGMAC
recommended detailed geologic mapping of the Oklahoma
City metropolitan area (OCMA), and the OGS submitted a
three-year plan that called for mapping four quadrangles a
year starting in the northern part of the OCMA (Table 1; Fig.
2). The main purpose was to emphasize environmental and
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Figure 1. Geologic maps produced in the COGEOMAP and STATEMAP programs have been completed for the areas shown in dark green;
areas shown in light green are in progress as of FY-2005. Below each quadrangle name is the open-file number for its color digital map

(available from the Oklahoma Geological Survey’s Publication Sales Office).

Figure 2 (right). Color digital maps have
been published for the Oklahoma City
metropolitan area at 1:24,000 scale.
Each map’s open-file number appears
under its quadrangle name.

engineering concerns caused by population
growth and related housing and industrial devel-
opment; the plan also aimed at solving strati-
graphic problems in the Permian section.

In 1999, after success of the first plan, the
OGMAC recommended (and the OGS submit-
ted) a second three-year plan intended to com-
plete mapping the southern tier of quadrangles
in the OCMA, and to add five quadrangles along
its eastern boundary (Table 1; Fig. 2). The five
{Luther, Stella, Harrah, Horseshoe Lake, and
Little Axe) were added because an “outer loop”—
an Interstate highway bypass—had been pro-
posed by the Oklahoma Department of Trans-
portation. If built, the outer loop would encour-
age new business and residential development,
and mapping would give planners, engineers,
and homeowners a framework for planning de-
velopment.

In federal fiscal-year 2002, mapping in the
OCMA was completed and 25 1:24,000-scale
bedrock geologic maps, with cross sections and
detailed descriptions of mapped units, were
published in printed form and also as digital files
on compact disks (Fig. 2).
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CURRENT AND FUTURE MAPPING

As shown by the history of the STATEMAP program, plans
for mapping Oklahoma'’s geology consist of two interrelated
parts. The first, called Project 1, emphasizes detailed map-
ping at 1:24,000 scale in areas undergoing rapid change
whether caused by industrial, residential, or mining develop-
ment. Examples are commonly found in highly urbanized
areas like Oklahoma City.

As the OCMA project came to a close, the logical place for
continuing Project 1 mapping was the Tulsa metropolitan
area (TMA). In fiscal-year 2003, a three-year plan to map the
TMA was begun, starting in the northeast (Claremore and
Sageeyah quadrangles) and moving to the west and then
south (Table 1; Fig. 3). The purpose of starting in the north-
east and working westward was to study the Pennsylvanian
section from its lowest stratigraphic exposures in the area
least obscured by intensive urbanization. After the full unob-
structed section has been studied in the northern tier of

95°45’

quadrangles, work will most likely be accelerated (to an aver-
age of three to four quadrangles a year) in the southern tier.

Problems in the Tulsa area differ from those at Oklahoma
City. For one thing, the Pennsylvanian section around Tulsa
is a far more complex suite of continental and marine sedi-
mentary rocks; it amounts to a confluence of dominantly
continental-type sediments derived from the Ouachita and
Ozark uplifts south and east of Tulsa, and the dominant ma-
rine-type Pennsylvanian sediments common to the north
and west. For another, the area’s structure is subtle but map-
pable. As is evident on older maps (Bennison and others,
1972; Oakes, 1952), most of the obvious structure reflects
broad folding, but faulting with small to moderate displace-
ment is also found. Mapping the structures accurately re-
quires close attention to describing outcrops, tracing key
marker beds, and detecting regional trends in outcrop pat-
terns. All that takes time, and so the OGS is averaging only
two quadrangles a year at Tulsa as compared with four at
Oklahoma City.

96°30’
36°22'30”
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Figure 3. Light and dark green shaded quadrangles in the Tulsa metropolitan area have been mapped, or are being mapped (as shown)
at 1:24,000 scale. Names of quadrangles to be proposed for later mapping appear in boldface type.
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Digital-mapping terms

GIS, or Geographic Information System—A com-
puter-based system for gathering data, turning
it into digital form, and ultimately producing a
digital map. The procedure may involve scanning
maps, taking data from a Global Positioning Sys-
tem receiver, compiling tables, analyzing various
combinations of attributes, and projecting data
representing the 3-D Earth onto a 2-D computer
screen—or assembling it for printing on flat
paper.

ARC/INFO—A GIS program for exploiting informa-
tion to be used in making a map. It attaches data
controlling color, patterns, and symbols to points
representing locations on the Earth, and enables
manipulation and assembly of many individual
layers into a single map.

raster file—A computer file used to store image
information, often gathered by scanning paper
maps or aerial photos. In a raster file, resolution
is expressed as cell size and dots per inch (dpi).

TIFF, or Tagged Image File Format—I|t was de-
signed as a structure for storing raster-file data
(such as from a scanner) in a GIS file.

The second part of the STATEMAP program entails
Project 2 reconnaissance mapping at 1:100,000 scale for
eventual use in constructing the new state map at 1:500,000.
The OGS has been producing reconnaissance maps since fis-
cal-year 1997, averaging about two maps a year and thus
providing almost full digital map coverage of the western
half of the State (Table 1; Fig. 1). In the current fiscal year
(which began October 1, 2004) we are concentrating on the
Lawton 1° sheet, which represents one of the most geologi-
cally complicated areas, structurally and stratigraphically,
encountered so far in the Project 2 mapping. In later years
we will continue the eastward sweep across the State.

In addition to continuing detailed mapping of the TMA,
the OGS will recommend to OGMAC a mapping project for
fiscal-year 2005 at the Tar Creek Superfund Site, in Ottawa
County. Tar Creek is important because of extreme environ-
mental degradation from tailings and slag piles resulting
from lead and zinc mining from the 1920s through the 1940s.
Kenneth V. Luza of the OGS is incorporating location, texture
lithology, and size of old surface and subsurface workings
into GIS digital format, and we hope that converting the
1:24,000-scale geological data into a GIS format will help fed-
eral and state agencies in further studies. The area of impact
lies in northern Peoria, Picher, and Miami NW quadrangles
{east to west); it includes Lower Pennsylvanian (Desmoines-
ian) and Upper Mississippian (Chesterian and Meramecian)
strata along the northwest flank of the Ozark uplift. The work
proposed will most likely run for three years, starting in the
Picher quadrangle.

MAPPING PROCEDURES AND PROBLEMS

One of the first problems encountered in digital transfer
of previous geologic mapping data from various sources and
scales onto a uniform 1:100,000-scale base was that geology
on the new map often did not match the topographic base.
Initially the problem was solved by transferring the old data
by hand onto all the 7.5" quadrangles in the 1° sheet, and
then verifying geologic contacts by reconnaissance road
mapping. The resulting 32 field sheets were then digitized
onto the 1:100,000 topographic base with little conflict be-
tween geology and topography. A side benefit of field check-
ing was refinement of the geology depicted; notably, the
Quaternary System was delineated as fluvial sediments ver-
sus aeolian.

Those coarse divisions can be further subdivided based
on sedimentologic texture and topographic expression to
depict more accurately the history of the Quaternary since
the Pleistocene. For example, wind-blown deposits can be
divided into sheet sand versus dune sand, based mostly on
the presence or absence of a hummocky topography; and
although wind-blown sheet sands appear topographically
similar to fluvial terraces, the wind-blows sediment tends to
finer grains, distinct lack of gravel-size clasts, and a lighter
color.

Other benefits of quick reconnaissance was re-evaluation
of established formations and contacts shown on older maps,
and filling in blank spots. A re-evaluation of the Permian sec-
tion presently is underway.

Problems persist in producing high-quality digital color
maps. One difficulty for our state survey (and most others)
is lack of good digital base maps (McCraw, 1999). That is
largely because the source of all topographic base maps—
the USGS—either cannot supply digital maps of the quality
required, or it inadvertently hinders efforts of state surveys to
produce their own.

When digital mapping programs were first implemented,
state surveys could generally choose from three techniques:
(1) download digital base map files from the USGS—essen-
tially a single scanned raster file of the original topographic
base with culture, elevation data, hydrography, and political
boundaries; (2) create its own digital base maps; (3) scan a
clean flat copy of the original printed base map. At first the
OGS, like most other state surveys, took the easiest course
(option 1) by acquiring the digital base from the USGS. Un-
fortunately, the quality of the files was so poor and the reso-
lution so low (160 to 250 dpi) that the underlying geology
was obscure, and at times the maps were illegible. The prob-
lem was particularly severe in areas with thick vegetation, or
with recent urban development whose patterns could not be
removed without loss of useful information.

The second option worked well, but it was slow. Creating
a digital base required scanning critical Mylar separates—
usually those for hypsography, culture, and hydrography—at
400 dpi or more. The benefit of scanning Mylar separates
was that each layer could be manipulated, such as removal
of ground clutter, without disturbing other layers or themes.
Separates that obscured the geology but provided no useful
information (such as the one for vegetation) could be omit-
ted. After the separates were scanned, the resulting TIFF im-
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ages were registered in t'he:ARC/ INFO computer program to
create a singte digital base, whereupon the geology could be
digitized from field sheets and placed beneath the base map.
The final digital map was of exceptional quality, and rivaled
conventional cartographic results in reproducibility, repro-
duction speed, and appearance.

However, the second method was short-lived, for the
USGS stopped making the photographic composite nega-
tives used in creating Mylar separates. Thus a state survey
had only one viable option—to scan printed quadrangle
maps at high resolution and convert the data into a digital
file. Unfortunately, scanning preserves ground clutter that
obscures geology; the clutter can be minimized but not elim-
inated without unduly degrading more important and infor-
mative elements on the base map.

CONCLUSIONS

The STATEMAP program at the Oklahoma Geological
Survey has been a considerable success. So far, 46 new geo-
logic maps have been published at various scales and levels
of detail, focusing on many geological aspects. Mapping has
followed a two-pronged approach—detailed mapping in ar-
eas with land-use problems, coupled with reconnaissance
mapping where previous coverage was marginal. Detailed
mapping continues in the Tulsa area, resulting in publica-

tion of at least two 7.5 quadrangles a year, and detailed
mapping is to be proposed for the Tar Creek Superfund Site.

Most problems in starting a digital map program have
been solved or nearly so, and those remaining lie beyond
control of the OGS. We hope the USGS will soon resume pro-
duction of proper digital files for base maps; either scanned
at a resolution enabling clear images; or as separate map lay-
ers that can be manipulated or even omitted to eradicate su-
perfluous data.
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INTRODUCTION

More than 930,000 earthquakes occur throughout the
world each year (Tarbuck and Lutgens, 1990). Approximately
95% of these earthquakes have a magnitude of <2.5 and usu-
ally are not felt by humans (Table 1). Only 20 earthquakes,
on average, exceed a magnitude of 7.0 each year. An earth-
quake that exceeds a magnitude of 7.0 is considered to be a
major earthquake and serious damage could result. (See the
Catalog section, below, for a discussion of earthquake mag-
nitude.)

Earthquakes tend to occur in belts or zones. For example,
narrow belts of earthquake epicenters coincide with oceanic
ridges where plates separate, such as in the mid-Atlantic and
eastern Pacific Oceans. Earthquakes also occur where plates
collide and/or slide past each other. Although most earth-
quakes originate at plate boundaries, a small percentage oc-
curs within plates. The New Madrid (Missouri) earthquakes
of 1811-12 are examples of large and destructive intraplate
earthquakes in the United States.

The New Madrid earthquakes of 1811 and 1812 were
probably the earliest historical earthquake tremors felt in
what is now southeastern Oklahoma (then part of Arkansas
Territory). Before Oklahoma became a state, the earliest doc-
umented earthquake occurred on October 22, 1882, prob-
ably near Fort Gibson, Indian Territory, although it cannot
be located precisely (Ross, 1882; Indian Pioneer Papers, date
unknown). The Cherokee Advocate newspaper reported that
at Fort Gibson “the trembling and vibrating were so severe as
to cause doors and window shutters to open and shut, hogs
in pens to fall and squeal, poultry to run and hide, the tops of
weeds to dip, [and] cattle to lowe” (Ross, 1882, p. 1). These
observations indicate Modified Mercalli (MM)-VIII intensity
effects. (See the section, below, on Distribution of Oklahoma
Earthquakes for information about the MM earthquake-
intensity scale.) The next documented earthquake in Okla-
homa occurred near Jefferson, Grant County, on December
2, 1897 (Stover and others, 1981). The next known Oklahoma
earthquake happened near Cushing, Payne County, in De-
cember 1900. This event was followed in April 1901 by two
additional earthquakes in the same area (Wells, 1975).

The largest known Oklahoma earthquake (with the possi-
ble exception of the 1882 earthquake) occurred near El Reno,
Canadian County, on April 9, 1952. This magnitude-5.5 (mb,
Gutenberg-Richter) earthquake caused a 50-ft-long crack in
the State Capitol Office Building in Oklahoma City. It was felt
throughout Oklahoma and in parts of seven other states. The
total felt area was ~362,000 km? (Docekal, 1970; Kalb, 1964;

TABLE 1. — ESTIMATED NUMBER OF WORLDWIDE
EARTHQUAKES PER YEAR BY MAGNITUDE
(Modified from Tarbuck and Lutgens, 1990)

Estimated number

Magnitude per year Earthquake effects
<2.5 >900,000 Generally not felt, but recorded
Minor to moderate earthquakes
2.5-5.4 30,000 Often felt, but only minor
damage detected
Moderate earthquakes
5.5-6.0 500 Slight damage to structures
Moderate to major earthquakes
6.1-6.9 100 Can be destructive in
populous regions
Major earthquakes
7.0-7.9 20 Inflict serious damage
if in populous regions
Great earthquakes
28.0 1-2 Produce total destruction

to nearby communities

von Hake, 1976); Des Moines, Iowa, and Austin, Texas, were
at the northern and southern limits. From 1897 through 2002,
1,697 earthquakes have been located in Oklahoma.

INSTRUMENTATION

A statewide network of nine seismograph stations was used
to locate 47 earthquakes in Oklahoma for 2003 (Fig. 1). The
statewide network consists of a central station (TUL/LNO),
four radio-telemetry seismograph stations (FNO, RLO, SIO,
VVO), and four field stations (ACO, MEO, OCO, PCO). The
U.S. Geological Survey (USGS) established a seismograph
station, WMOK, 19 km southwest of the Oklahoma Geo-
logical Survey’s (OGS) station at Meers (MEO). WMOK, the
USGS station, does not record continuously. When triggered
by moderately strong ground motion, it transmits a short
segment of data to the National Earthquake Information
Service in Golden, Colorado. WMOK is used mostly for dis-
tant earthquakes, although it sometimes records some of the
larger Oklahoma earthquakes. Because WMOK is so near
MEQ, its arrival times do not improve the accuracy of loca-
tion of Oklahoma earthquakes.
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Figure 1. Active seismographs in Oklahoma.

Central Station

The OGS Observatory station, TUL/LNO, is located ~3.2
km south of Leonard, Oklahoma, in southeastern Tulsa
County. At this site, digital and analog (paper) records from
all stations are analyzed to detect, identify, and locate Okla-
homa earthquakes. Seismometers at the central station are
located on a pier in a 4-m-deep underground walk-in vault
and in an 864-m-deep borehole. The vault is designated by
the abbreviation, TUL, and the borehole has the interna-
tional station abbreviation, LNO. In the vault, three Baby
Benioff seismometers and a 3-component Guralp CMG3-TD
seismometer record vertical, north-south, and east-west
ground motion. Each Baby Benioff seismometer produces
signals recorded on a drum recorder that uses a heat stylus
and heat sensitive paper. (The original drum recorders used
light beams to record on photopaper. The drum recorders
were converted to ink recording in 1978 and later to more
reliable recording on heat sensitive paper.)

The Guralp CMG3-TD ultra-broadband seismometer
senses everything from the solid earth tides with their mHz
frequencies to the high frequencies of Oklahoma earth-
quakes, which may approach 100 Hz. The CMG3-TD seis-
mometer has a Global Positioning System (GPS) time re-
celver and digitizers in the case. The three digitizers each
produce 200 samples per second. The CMG3-TD in the vault
is a temporary replacement for the similar borehole seis-
mometer, which currently is being rebuilt under warranty at
the Guralp factory in the UK. When the borehole seismom-
eter is operating again, it will provide the 200-sample-per-
second signals from the central station that are used to de-
tect and locate earthquakes in Oklahoma.

A Guralp eight-channel rack digitizer records the remote
stations (RLO, VVO, and SIO) at 200 samples per second.

Data are digitized and recorded by Guralp SCREAM software
running on a PC. These samples are assembled into time-
tagged data-compressed packets and transmitted at 38,400
bits per second to the Guralp SCREAM data acquisition soft-
ware. Guralp SCREAM software, which runs on a PC, un-
compresses the packets, organizes them into one-hour files
on a disk, and will display one or more windows containing
one or several moving traces. The windows may contain as
little as one second or as much as 24 hours of ground mo-
tion. All digital data are archived on writable CD-ROMs.
About two new CDs are added each week.

SCREAM sends slower packets (20 samples per second,
and four samples per second) to another PC running
SCREAM, and to the University of Indiana over the internet.
From Indiana, the packets are sent continually or in once-
per-day batches to a number of secondary schools in the
United States. These slower packets lack the high frequen-
cies characteristic of Oklahoma earthquakes but are very
useful for studying teleseisms (distant earthquakes), which
occur daily in the Earth’s seismic belts. For distant earth-
quakes above magnitude 6, packages of the 20-sample-per-
second, vertical, north-south, and east-west signals contain-
ing about one hour of recording are made up at the Obser-
vatory. These are sent by internet file transfer protocol to the
PEPP (Princeton Earth Physics Project) data base, which is
used primarily by American secondary schools.

Radio Telemetry Stations

Three radio-telemetry stations, (1)} at Rose Lookout (RLO)
in Mayes County, (2) at the Bald Hill Ranch near Vivian
(VVO) in Mcintosh County, and (3) at the Jackson Ranch
near Slick (SIO) in Creek County, have Geotech S-13 seis-
mometers in shallow tank vaults. The seismic signals are

18 Oklahoma Geology Notes ® v. 64, nos. 1-4- ¢ 2004



amplified and used to frequency modulate an audio tone
that is transmitted to Leonard with 500-mW FM transmitters
at various frequencies in the 216-220-MHz band.

Antennas on a 40-m-high tower near the OGS Observa-
tory receive signals from the three radio-telemetry sites.
These electrical signals are carried 350 m overland to the
outside of the Observatory building. In a box on the outside
wall, the electrical signals are converted to optical signals.
The optical signals are sent through ~6 m of plastic fiber into
the building, where they are converted back to electrical sig-
nals. This optical link is used to prevent wires from carrying
lightning-induced surges into the building and damaging
digitizers and computers. ,

The radio-telemetry signals are frequency-modulated
audio tones. Discriminators convert the tones back into a
voltage similar to the voltage produced at the field seismom-
eter. These voltages are recorded on a 48-hour-paper-seis-
mogram drum recorder, one recorder per station. The paper
records are used mainly to backup the computer system.

The radio-telemetry signals are transmitted to three chan-
nels (one channel per station) on the Guralp rack digitizer.
Each digitizer channel produces 200
samples per second. The digitizer in-
cludes a GPS (Global Positioning
System) satellite receiver. The signals
are assembled in memory into timed
packets. The packets are transmitted
to a PC running Guralp SCR-AM
data acquisition software.

A fourth radio-telemetry station,
FNO, was installed in Norman in
central Oklahoma on April 28, 1992.
The seismometer, Geotech S-13, is on a concrete pad, ~7 km
northeast of Sarkeys Energy Center (the building that houses
the OGS main office). A discriminator converts the audio-
signal frequency fluctuations to a voltage output. The voltage
output is amplified and recorded by a Sprengnether MEQ-
800 seismograph recorder (located in an OGS display case) at
a trace speed of 60 mm/min.

Field Stations

Seismograms are recorded at three volunteer-operated
seismographs (ACO, MEO, and PCO). Each station consists
of a Geotech S-13 short-period vertical-motion-sensing seis-
mometer in a shallow tank vault, or in an abandoned mine
shaft (station MEQ). The seismometer signal runs through
60-600 m of cable in surface PVC conduit to the volunteer’s
house or other building. The volunteer has a Sprengnether
MEQ-800B timing system amplifier-filter-drum recorder,
which records 24 hours of seismic trace at 1 mm/min in a
spiral path around the paper on the drum. A time-signal ra-
dio receiver tuned to the National Institute of Standards and
Technology and high-frequency radio station WWV is used
to set the time. The volunteers mail the seismograms to the
Observatory weekly (or more often, if requested). When an
earthquake is felt in Oklahoma, the volunteer operators fax
seismogram copies to the Observatory so that the earth-
quake can be located rapidly.

Station OCO, which contains equipment similar to that at

Oklahoma earthquake catalogs,
earthquake maps, some
seismograms, and related

information are on the Internet at
http://www.okgeosurvey1.gov

the volunteer-operated stations, is at the Omniplex museum
in Oklahoma City. Omniplex staff members maintain the
equipment and change the seismic records daily. OGS Ob-
servatory staff help interpret the seismic data and archive the
seismograms with all other Oklahoma network seismo-
grams. .

DATA PROCESSING AND ANALYSIS

Data are processed on two networked Sun UNIX work-
stations—a SPARC20 and a SPARC 2+, All network digital
and analog short-period (frequencies > ~1 Hz) and broad-
band seismograms are scanned for earthquakes in and near
Oklahoma. The arrival times of P and S phases are recorded
on a single-page form in a loose-leaf notebook. The arrivals
then are entered into the SPARC20 or the SPARC 2+ using
a user-friendly flexible program written in the Nawk lan-
guage. The program uses the entries to write an input file
with a unique file name.

From the input files, the hypocenters are located by
Johannes Schweitzer’'s (1997) program HYPOSAT 3.2c. A
Nawk program manages the input to
HYPOSAT and puts the output in a
single file and writes a line in an
overall catalog file.

HYPOSAT must have a velocity
model of the crust and top of the
mantle to calculate travel times of P
and S to each station from each suc-
cessive hypocenter tried in the pro-
gram. The nine-layer-plus-upper-
mantle Chelsea model for Oklahoma,
derived by Mitchell and Landisman (1971), is used exclu-
sively for locating Oklahoma earthquakes. This model and
three other Oklahoma models are outlined on the Obser-
vatory Web site at http://www.okgeosurveyl.gov/level2/
geology/ok.crustal.models.html.

Each hypocenter is usually run in a preliminary form us-
ing the first four or so P and/or S arrivals from about four sta-
tions. Later, after all seismograms have been read, a final
location is determined. The solutions are added manually
to a catalog on the Observatory Web site at http://www.
okgeosurveyl.gov/level2/okeqcat/okeqcat.2002.html.

DISTRIBUTION OF OKLAHOMA
EARTHQUAKES, 2003

All Oklahoma earthquakes recorded on seismograms
from three or more stations are located. In 2003, 47 Okla-
homa earthquakes were located (Fig. 2; Table 2). Nine earth-
quakes were reported felt (Table 3). The felt and observed
effects of earthquakes generally are given values according to
the Modified Mercalli Intensity scale, which assigns a Roman
numeral to each of 12 levels described by effects on humans,
man-made constructions, or natural features (Table 4).

On June 6, a magnitude 2.3 (mbLg) earthquake (event no.
1715) occurred in eastern Jefferson County ~10 km south of
Ringling (Tables 2, 3). This earthquake was reported felt by
an individual living in Ringling; it produced MM 1V effects. A
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magnitude 2.3 (mbLg) earthquake (event no. 1723) occurred
in McClain County on September 11 (Tables 2, 3). The earth-
quake occurred ~5 km west of Washington and was felt by a
couple in Moore; it produced MM II effects. On October 31, a
magnitude 1.8 (MDUR) earthquake (event no. 1730) was
centered ~8 km northeast of Union City (Tables 2, 3). The
earthquake was felt by residents in Union City; it produced
MM IV effects. They reported hearing a rumbling sound and
a chair moved side to side.

On December 8-11, nine earthquakes occurred in north-
central McClain and western Cleveland Counties. (Such a se-
ries of minor earthquakes is sometimes referred to as an
earthquake swarm). Six of the nine earthquakes were re-
ported felt (Table 3). Magnitude values ranged from 1.8
(m3Hz) to 2.4 (mbLg). The December 8th earthquake (event
no. 1736), which occurred at 1:18 p.m., was felt over 11,000
km? (Fig. 3); it produce MM V effects in Norman. Felt reports
(54), of which 46 reports were from Norman, were described
in Norman as: “heard a rumbling sound followed by windows
rattling; we heard a loud boom; we could hear dishes rattle;
building shook.” The December 11th earthquake (event no.
1742} had a magnitude value of 2.4 (mbLg), about the same
size as event no. 1736, and generated only nine felt reports.
The felt area was considerably smaller, about 100 km? (Fig.
4). This earthquake was reported felt in Tuttle, Newcastle,
and Norman; it produced MM 1V effects in Newcastle and
Norman.

In 2003, earthquake-magnitude values ranged from a low

1.1 (MDUR) in McIntosh Cotinty (event no. 1713) to a high of
2.6 (mbLg) in Garvin County (event no. 1728) (Table 2). Nine
earthquakes were located in McClain County. Jefferson
County experienced eight earthquakes and Carter County
had seven earthquakes. Other counties that experienced
multiple earthquakes include Canadian {four), Coal (three),
Grady (two), and Grady (two). The first known felt earth-
quake located in Cleveland County occurred December 10
(event no. 1741).

CATALOG

For both preliminary and final locations, the catalog of
Oklahoma earthquakes is in HTML (World Wide Web) for-
mat; one HTML page contains all of the earthquakes that
occurred in one year (a single page lists earthquakes for mul-
tiple years prior to 1977). In order to assure absolute unifor-
mity, the catalog is stored only in HTML format. One copy is
on a ONENet server. (ONENet is the network of the Okla-
homa Regents for Higher Education.) This server copy, at the
World Wide Web address http://www.okgeosurveyl.gov, is
used both for public distribution and for in-house reference.
A second (backup) copy is on a Sun SPARC20 workstation at
the Observatory in Leonard.

Each event in the catalog is sequentially numbered and
arranged according to date and origin time. The numbering
system is compatible with the system used by Lawson and
Luza (1980-1990, 1993-2003), Lawson and others (1991,
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TABLE 2. — OkiaHomA EARTHQUAKE CATALOG FOR 2003

Event Date and origin time Intensity Magnitudes Latitude = Longitude Depth
no. (UTQ)® County MM®  m3Hz mbLg MDUR - deg N° deg W¢ {(km)©
1698 Jan 12 - 03 57 19.52 Jefferson 1.7 1.8 34.141 97.684 5.00R C
1699 Jan 12 11 40 29.51 Carter 2.0 34.280 97.556 5.00R C
1700 Jan 20 . 04 38 52.59 Pottawatomie 14 1.8 35.260 96.873 5.00R C
1701 Feb 18 10 06 23.08 Jefferson 1.8 1.8 34.249 97.583 5.00R  C
1702 Feb 21.. 07 55 07.01 Dewey 2.0 1.9 35.966 98.736 5.00R. C
1703 Mar 10 17 36 45.97 Carter 1.5 34.238 97.139 5.00R C
1704 Mar 19 04 21 50.81 Lincoln 2.1 2.2 35.822 97.030 5.00R C
1705 Mar 19 = 04 28 56.94 Stephens 1.6 .34.630 97.708 5.00R C
1706 Mar 20 17 28 58.83 Grady 2.2 35.042 97.709 500R C
1707 Mar 31 21 57 09.89 McClain 1.9 34.991 97.568 5.00R C
1708 Apr 07 10 02 13.68 Jefferson 2.2 2.4 34.004 97.676 5.00R. C
1709 Apr 08 10 17 55.88 Jefferson 1.8 2.2 34.013 97.636 5.00R C
1710 Apr 26 23 05 35.14 Canadian 1.7 2.1 35.498 97.978 5.00R: C
1711 Apr 27. 02 59 07.49 Canadian 1.8 2.2 35.539 98.024 5.00R C
1712 May 05 16 57 52.24 Carter 1.8 34.283 96.943 5.00R C
1713 May 10 15 40 25.94 McIntosh 1.1 35.530 95.789 5.00R C
1714 May 22 09 20 13.19 Custer 1.6 1.9 35.471 98.897 5.00R. C
1715 Jun 06 . 04 41 24.75 Jefferson v 22 23 22 34,086 97.599 5.00R C
1716 Jun 12 20 54 13.84 Grady 1.9 1.8 34.889 97.804 5.00R . C
1717 Jun 19 01 35 13.77  Carter 1.8 18 20 34.342 97.302 5.00R C
1718 Jun 22 14 11 17.66 Jefferson 22 21 24 34.078 97.698 5.00R C
1719 Jul 16 20 51 41.37 Carter 2.3 22 20 34.333 97.324 5.00R C
1720 Jul 20~ 00 48 50.30 Coal 2.5 2.6 34.420 96.461 5.00R C
1721 Jul 20 15 25 07.39 Seminole 23 2.6 35.359 96.698 5.00R C
1722 Sep 11" 01 03 41.02 Johnston 1.8 34.280 96.862 5.00R C
1723 Sep 20 15 48 48.46 McClain II 2.3 23 24 35.074 97.527 9.69 C
1724 Sep 23 17- 32 12.24 Carter 2.0 1.8 34.257 97.429 5.00R C
1725 Oct 12 22 09 40.76 Coal 20 19 21 34.520 96.387 5.00R C
1726 Oct 22 . 07 53 53.78 Hughes 1.2 1.8 35.090 96.184 5.00R C
1727 Oct 24 15 17 48.42 Johnston 2.1 34.192 96.894 5.00R C
1728 Oct 24 15 59 03.62 Garvin 2.5 26 2.6 34.822 97.622 5.00R C
1729 Oct 29 04 49 12.25 Jefferson 2.2 1.9 34.018 97.719 5.00R C
1730 Oct 31 20 42 28.21 Canadian v 1.8 35.422 98.024 5.00R C
1731 Nov 01 04 34 22.90 Canadian 2.2 35.532 98.036 5.00R C
1732 Nov 15 12 33 48.50 Jefferson 2.0 2.0 34.107 97.620 500R C
1733 Dec 02 13 23 39.94 Comanche 2.2 1.9 34.806 98.403 5.00R C
1734 Dec 03 18 15 10.36 Le Flore 2.1 34.762 94.588 5.00R C
1735 Dec 08 15 39 32.45 McClain 11T 2.2 2.3 35.249 97.626 5.00R C
1736 Dec 08 19 18 08.04 McClain \Y% 24 24 24 35.120 97.525 5.00R C
1737 Dec 09 04 54 11.28 McClain 2.1 35.091 97.554 5.00R C
1738 Dec 09 06 08 56.06 McClain I 1.8 2.0 35.056 97.584 5.00R C
1739 Dec 09 06 31 17.55 McClain F 1.9 2.0 35.108 97.541 5.00R. C
1740 Dec 09 21 27 43.65 McClain 1.8 2.0 35.096 97.544 5.00R C
1741 Dec 10 19 15 30.20 Cleveland F 24 35.247 97.479 5.00R C
1742 Dec 11 16 35 09.09 McClain v 25 24 24 35.138 97.540 5.00R C
1743 Dec 11 18 51 30.03 Carter 1.5 34.328 97.310 5.00R C
1744 Dec 18 06 24 34.51 Coal 1.4 34.515 96.270 5.00R C

"UTC refers to Coordinated Universal Time, formerly Greenwich Mean Time. The first two digits refer to the hour on a 24-hour clock. The next two

digits refer to the minute, and the remaining digits are the second. To convert to local Central Standard Time, subtract six hours.

®Moditied Mercalli (MM) earthquake-intensity scale (see Table 4). “F” indicates earthquake was reported felt, intensity unknown, generally <IV,

°If R is preceded by a number in the latitude and/or longitude column(s), the location was restrained. 5.00R indicates that the depth was re-
strained to 5.00 km from the beginning of the calculation. If R is preceded by a number other than 5.00, the depth was restrained at that depth
part way through the location calculations. When R does not appear, the number was an unrestrained depth, re-adjusted at every iteration

during the location. C refers to the Chelsea velocity model (Mitchell and Landisman, 1971).
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TABLE 3. — EArRTHQUAKES REPORTED FELT IN OKLAHOMA, 2003

Earthquake magnitude is a measure-
ment of energy and is based on data from

seismograph records. The magnitude of a

Event  Date and origin time Intensity
no. (UTQ)? Nearest city County MMP® local earthquake is determined by taking
L the logarithm (base 10) of the largest
1715 Jun 06 04 41 2475 10km S of Ringling Jefferson IV ground motion recorded during the arrival
1723 Sep 20 15 48 48.46 S5kmW of Washington McClain I of a seismic-wave type and applying a stan-
1730 Oct 31 20 42 28.21 8kmNEof Union Clty Canadian v dard correction for distance to the epicen_
1735+ Dec 08 15 39 32.45 3kmW of Newcastle McClain II1 ter. An increase of one unit in the magni-
1736~ Dec 08 19 18 8.04 6km SW of Goldsby McClain \ tude value corresponds to a tenfold in-
1738 Dec 09 06 08 56.06 4 km NE of Dibble McClain  1II crease in the amplitude of the earthquake
1739 Dec 09 06 31 17.55 8km SW of Goldsby McClain ~ F waves. There are several different scales
1741 Dec 10 19 15 3020 4kmNWofNorman  Cleveland F used to report magnitude. Table 2 has three
1742 Dec 11 16 35 9.09 6kmSWofGoldsby ~ McClain IV magnitude scales, which are mbLg (Nuttli),

m3Hz (Nuttli), and MDUR (Lawson). Each

#UTC refers to Coordinated Universal Time, formerly Greenwich Mean Time. The first two digits refer to
the hour on a 24-hour clock. The next two digits refer to the minute, and the remaining digits are the

second. To convert to local Central Standard Time, subtract six hours.

bModified Mercalli (MM) earthquake-intensity scale (see Table 4). “F” indicates earthquake was reported

felt, intensity unknown, generally <IV.

magnitude scale was established to accom-
modate specific criteria, such as the distance
from the epicenter, as well as the availabil-
ity of certain seismic data.

1992), and for the Earthquake Map of Oklahoma (Lawson
and Luza, 1995b). The sequential event number is not found
on the World Wide Web catalog.

The dates and times for the cataloged earthquakes are
given in UTC. UTC refers to Coordinated Universal Time,
formerly Greenwich Mean Time. The first two digits refer to
the hour on a 24-hour clock. The next two digits refer to the
minute, and the remaining digits are the seconds. To convert
to local Central Standard Time, subtract six hours.

For earthquake epicenters located 11—
222 km from a seismograph station, Otto
Nuttli developed the m3Hz magnitude scale (Zollweg, 1974).
This magnitude is derived from the following expression:

m3Hz =1og(A/T) - 1.63 + 0.87 log(A),

where A is the maximum center-to-peak vertical-ground-
motion amplitude sustained for three or more cycles of Lg
waves, near 3 Hz in frequency, measured in nanometers; T is
the period of the Lg waves measured in seconds; and A isthe
great-circle distance from epicenter to station measured in
kilometers.

In 1979, St. Louis University (Stauder and others, 1979, p.
28) modified the formulas for m3Hz. The OGS Observatory

HLAINE - L PATNE has used this modification since January 1, 1982. The modi-
HINCFISHER oCrescent R B fied formulas have the advantage of extending the distance
Watonga I range for measurement of m3Hz out to 400 km, but they also
oIV 7 have the disadvantage of increasing m3Hz by about 0.12
LOGAN & units compared to the previous formula. Their formulas
CANADIAN URTAHOMA &
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Figure 3. Modified Mercalli (MM) intensity values (Roman numer-
als) for the December 8 earthquake (event no. 1736) in Cleveland
County (Tables 2, 3): Numbers in parentheses indicate the num-
ber of felt reports for each location. Intensity values by themselves
indicate single reports.

Figure 4. Modified Mercalli (MM) intensity values (Roman numer-
als) for the December 11 earthquake (event no. 1742) in McClain
County (Tables 2, 3). Numbers in parentheses indicate the num-
ber of felt reports for each location. Intensity values by themselves
indicate single reports. :
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TABLE 4. -— MoODIFIED MERCALLI (MIM) EARTHQUAKE-INTENSITY SCALE

(Abridged) (Modified from Wood and Neumann, 1931)

II

111

v

VII

VIII

X

Not felt except by a very few under especially favorable circumstances.

Felt only by a few persons at rest, especially on upper floors of buildings. Sus=
pended objects may swing.

Felt quite noticeably indoors, especially on upper floors of buildings. Auto-
mobiles may rock slightly.

During the day felt indoors by many, outdoors by few. At night some awakened.
Dishes, doors, windows disturbed. Automobiles rocked noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken;
unstable objects overturned. Pendulum clocks may stop.

Felt by all; many frightened and run outdoors.

Everybody runs outdoors. Damage negligible in buildings of good design and
construction. Shock noticed by persons driving automobiles.

Damage slight in specially designed structures; considerable in ordinary sub-
stantial buildings; great in poorly built structures. Fall of chimneys, stacks, col-
umns. Persons driving automobiles disturbed.

Damage considerable even in specially designed structures; well-designed frame
structures thrown out of plumb. Buildings shifted off foundations. Ground

The MDUR magnitude scale was
developed by Lawson (1978) for earth-
quakes in Oklahoma and adjacent ar-
eas. [tis defined as:

MDUR = 1.86 log(DUR) - 1.49,

where DUR is the duration or differ-
ence, in seconds, between the Pg-
wave arrival time and the time the fi-
nal coda amplitude decreases to twice
the background-noise amplitude. Be-
fore 1981, if the Pn wave was the first
arrival, the interval between the earth-
quake-origin time and the decrease of
the coda to twice the background-
noise amplitude was measured in-
stead. Since January 1, 1982, the inter-
val from the beginning of any P wave
(such as Pg, P*, and/or Pn) to the de-
crease of the coda to twice the back-
ground-noise amplitude has been
used.

cracked conspicuously.

X Some well-built wooden structures destroyed; ground badly cracked, rails bent.

Landslides and shifting of sand and mud.

XI - Few if any (masonry) structures remain standing. Broad fissures in ground.

XII Damage total. Waves seen on ground surfaces.

Earthquake detection and location
accuracy have been greatly improved
since the installation of the statewide
network of seismograph stations. The
frequency of earthquake events and
the possible correlation of earth-
quakes to specific tectonic elements

were given in terms of log(A) but were restricted to wave pe-
riods of 0.2-0.5 sec. In order to use log(A/T), we assumed a
period of 0.35 sec in converting the formulas for our use. The
resulting equations are:

(epicenter 10-100 km from a seismograph)
m3Hz = log(A/T) - 1.46 + 0.88 log(A)

(epicenter 100-200 km from a seismograph)
m3Hz =1og(A/T) - 1.82 + 1.06 log(A)

(epicenter 200-400 km from a seismograph)
m3Hz =log(A/T) —-2.35 + 1.29 log(A).

Otto Nuttli’s (1973) earthquake magnitude, mbLg, for
seismograph stations located 55.6—445 km from the epicen-
ter, is derived from the following equation:

mbLg =log(A/T) ~ 1.09 + 0.90 log(A).

Where seismograph stations are located between 445 and
3,360 km from the epicenter, mbLg is defined as:

mblg =log(A/T) -3.10 + 1.66 log(A),

where A is the maximum center-to-peak vertical-ground-
motion amplitude sustained for three or more cycles of Lg
waves, near 1 Hz in frequency, measured in nanometers; 1 is
the period of Lg waves measured in seconds; and A is the
great-circle distance from epicenter to station measured in
kilometers.

Oklahoma Geology Notes

in Oklahoma are being studied: It is

hoped that this information will pro-

vide a more complete data base that
can be used to'develop numerical estimates of earthquake
risk that give the approximate frequency of earthquakes of
any given size for various regions of Oklahoma. Numerical
risk estimates could be used for better design of large-scale
structures, such as dams, high-rise buildings, and power
plants, as well as to provide the information necessary to
evaluate insurance rates.
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OGS Workshop

MMORROW AND SPRINGER STRATA IN THE SOUTHERN MIDCONTINENT
May 10-11, 2005 ** Oklahoma City

his workshop will examine contemporary and new concepts relevant to exploration and devel-

opment of sandstone and carbonate reservoirs specific to Morrow- and Springer-age deposits
in the southern Midcontinent. A two-day program co-sponsored by the Oklahoma Geological Sur-
vey and the U.S. Department of Energy, National Energy Technology Laboratory, Tulsa, Oklahoma,
will focus on reservoir characterization, exploration and development methods, seismic modeling,
depositional and facies interpretations, secondary and tertiary oil recovery, subsurface mapping,
well log procurement and interpretation, and regional trend analysis. In addition to the 21 oral
papers listed below, there will be poster presentations and industry exhibits.

Morrow and Springer Strata in the Southern Midconti-
nent, by Richard D. Andrews, Oklahoma Geological Sur-
vey, Norman, Oklahoma

Controls on Porosity Origin, Presentation, Reduction,
and Restoration in Two Types of Morrow Reservoirs in
Western Oklahoma, by Bruce Carpenter, Log Experts,
Edmond, Oklahoma

The Springer Gas Play Development—Anadarko Basin,
by Tim O. Brown, Drillinglnfo, Inc., Austin, Texas; and
Robert A. Northcutt, Independent, Oklahoma City, Okla-
koma

Depositional and Diagenetic Controls on Compartmen-
talization of the Cunningham and Britt Sandstones,
Southeastern Anadarko Basin, by James Puckette, Okla-
homa State University, Stillwater, Oklahoma; and Aaron
Rice, Glenpool, Oklahoma

Regional Sequence Stratigraphy and Depositional En-
vironments of the Lower Pennsylvanian in Southwest
Kansas, by Galo A. Salcedo and Timothy R. Carr, Kansas
Geological Survey, Lawrence, Kansas

Sequence Stratigraphic Control on Reservoir Quality in
the Upper Morrow Sandstone, Northwestern Shelf, Ana-
darko Basin, by James Puckette and Zuhair Al-Shaieb
(deceased), Oklahoma State University, Stillwater, Okla-
homa; and Erin Van Evera, UNOCAL 76, Midland, Texas

Fighting the Tide: Morrow-Springer Gas in Oklahoma,
by Dan T. Boyd, Oklahoma Geological Survey, Norman,
Oklahoma

Examples of Trapping Mechanisms in the Cromwell
Sandstone (Morrowan), Hughes County, Oklahoma, by
Maxwell J. Tilford, Tilford-Pinson Exploration, Edmond,
Oklahoma

Cromwell Sandstone Sequence Stratigraphy and Porosity
Development in Kinta Field, Haskell County, Oklahoma,
by Bryant Reasnor, Chevron-Texaco, Midland, Texas; and
Dennis R. Kerr, University of Tulsa, Tulsa, Oklahoma

Hunting for Overlooked Pay in Midcontinent Carbonates,
by Edward A. Beaumont, Independent, Tulsa, Oklahoma;
and Dan J. Hartmann, Independent, Fredericksburg, Texas

The Concept of Intermittent Structure and Its Influence
on Morrow and Springer Deposition, by Kurt Rottmann,
Independent, Oklakoma City, Oklahoma

Morrowan to Lower Atokan Structural Evolution of the
Frontal Ouachitas and Arkoma Basin, Southeastern
Oklahoma, by Ibrahim Cemen, James Puckette, Rodney

Feller, Steve Hadaway, and Ata Sagnak, Oklahoma State
University, Stillwater, Oklahoma

% Deep-Gas Well Stimulation of the Springer in the Ana-
darko Basin, by Steve Wolhart, Pinnacle Technologies,
Inc., Houston, Texas

% Logging Tool Deployment Methods that Insure the Ac-
quisition of Accurate Log Data over Morrow and Springer
Strata, by Mark W. Houpe, Precision Wireline Services,
Oklahoma City, Oklahoma

% Imaging Thin Morrow and Springer Sands with High-
Frequency 3D Seismic in the Anadarko Basin, by Bob
Springman, Dominion Exploration and Production, Inc.,
Oklahoma City, Oklahoma

% Structural and Stratigraphic Reservoir Types in the
Jackfork Group of Eastern Oklahoma, by Roger M. Slatt,
University of Oklahoma, Normar, Oklahoma

< QOverview of Postle Field, Morrow CO; Flood, Texas
County, Oklahoma, by John Southwell, Celero Energy,
Midland, Texas

% Geo-Engineering Modeling of Morrow/Atoka Incised-
Valley Fill Deposits Using Web-Based Freeware for In-
cremental Field Exploitation, by W. Lynn Watney, Saibal
Bhattacharya, Alan Byrnes, John Doveton, and John Vic-
torine, Kansas Geological Survey, Lawrence, Kansas; and
Rick Brownrigg, University of Kansas, Lawrence, Kansas

% Trends in Composition of Morrowan Gases in Southwest-
ern Kansas, by K. David Newell, Karisas Geological Survey,
Lawrence, Kansas

<>

» Iodine Production from Morrowan Sandstones, Ana-
darko Basin, Northwestern Oklahoma, by Stan Krukow-
ski, Oklahoma Geological Survey, Norman, Oklahoma

% Secondary Oil Recovery from the Upper Morrow Purdy
Sandstone in Rice NE Field, Texas County, Oklahoma,
by Richard D. Andrews, Oklahoma Geological Survey,
Norman, Oklahoma

REGISTRATION INFORMATION

The fee for advance registration (by May 2) is $85 and includes
lunches and a copy of the proceedings; late and on-site registra-
tion is $95. Students rates are available.

For more information, contact Rick Andrews (email: rdandrews@
ou.edu), Oklahoma Geological Survey, 100 E. Boyd, Room N-131,
Norman, OK 73019; phone (405) 325-3031 or toll-free (800) 330-
3996. For registration forms, contact Tammie Creel (tcreel@ou.edu)
at the same address and phone numbers.
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CIRCULAR 109

* Kenneth S. Johnson and
James T. Neal, editors

* 353 pages
* Paperbound, laminated cover
*$20

SPECIAL PUBLICATION 2004-1

® James R. Chaplin

* 173 pages

* Paperbound, laminated cover
*$16

OGS publications

Evaporite Karst and Engineering/Environmental Problems
in the United States

Evaporite rocks, mainly gypsum and salt, are the most soluble of the common
rocks. Evaporites underlie about 35-40% of the contiguous United States, and are
present in 32 of the 48 states. They dissolve readily to form caves, sinkholes, disap-
pearing streams, drainage problems, and other karst features typically associated
with carbonate rocks (limestone and dolomite). Evaporite karst (EK) is much more
widespread than is commonly suspected.The most pronounced examples of prob-
lems in both gypsum karst and salt karst are in the Permian Basin of the southwest-
ern U.S., but many other areas also have significant problems. EK can result from
natural processes as well as from human activities, and is known to be be present at
least locally (and sometimes quite extensively) in almost all areas underlain by
evaporites. Because evaporite dissolution is so rapid, EK features can quickly pro-
duce engineering or. environmental problems that are hazards to humans and
property, causing great econmic hardship, disruption of lives, and even loss of life.

This volume is based on a half-day theme session on evaporite karst that was
held on October 28, 2002, in Denver, Colorado, as part of the annual meeting of the
Geological Society of America. The EK session was held because of the growing
awareness of karst problems in evaporite rocks. Although evaporite deposits and
their associated karst problems are widespread in the United States, they have re-
ceived scant attention from most geologists. The 33 papers contained in this vol-
ume are grouped by geographic areas and provide insight into significant engineer-
ing and/or environmental problems related to EK.

Core Drilling and Stratigraphic Analysis of Lower Permian Rocks,
Northern Oklahoma Shelf, Kay County, Oklahoma

The purpose of this investigation was to obtain information about the local bed
sequence, thickness variations, stratigraphic-boundary relationships, and regional
facies changes in Early Permian rocks in Kay County, Oklahoma. The new core-hole
data supplemented data gathered from the examination of surface rocks for the
purpose of constructing an areal geologic map of Kay County. The purpose of the
new data was to evaluate the accuracy of existing interpretations of stratigraphy
and structure.

Detailed descriptions of lithologic units cored in 10 holes and the description
of one measured surface section, as well as stratigraphic interpretations, are pre-
sented in this report. These detailed descriptions are the first published data de-
scribing a continuous stratigraphic sequence from this interval of Early Permian
rocks in central northern Oklahoma. Reevaluations of published geologic inter-
pretations, and comparison with new core-hole data, resulted in revisions of ear-
lier geologic mapping in Kay County.

Circular 109 and Special Publication 2004-1 can be purchased by mail from
the Survey at 100 E. Boyd, Room N-131, Norman, OK 73019; fax 405-325-7069.
To mail order, add 20% to the cost for postage, with a minimum of $2 per order.

All OGS publications can be purchased over the counter at the OGS Publica-
tion Sales Office, 2020 Industrial Blvd., Norman; phore (405) 360-2886, fax 405-
366-2882, e-mail ogssales@ou.edu. Request the OGS List of Available Publica-
tions for current listing and prices.
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