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Trilobite Biostratigraphy and Correlation
of the Kindblade Formation (Lower Ordovician)
of Carter and Kiowa Counties, Oklahoma

James Douglas Loch

Department of Biology and Earth Science
University of Central Missouri
Warrensburg, Missouri

ABSTRACT.~The Kindblade Formation (Ibexian Series, Lower Ordovician) has yielded a
diverse suite of trilobite species from measured sections in the Arbuckle Mountains
(along Interstate 35) and in the Wichita Mountains (at the type section on the Kindblade
Ranch) of Oklahoma. Detailed stratigraphic sampling of up to 1,498 ft (457 m) of the
Kindblade Formation yielded 246 trilobite-bearing collections.

Six trilobite interval zones are established for the Kindblade Formation: (in ascending
stratigraphic order) the Ranasasus brevicephalus Zone, Jeffersonia granosa Zone, Ben-
thamaspis rhochmotis Zone, Petigurus cullisoni Zone, Bolbocephalus stitti Zone, and the
Strigigenalis caudata Zone. Correlative fossiliferous strata from the southern and eastern
United States and eastern Canada are typically dolomitized or, if still preserved as lime-
stone, they are abbreviated stratigraphically. The zonal terminology developed for the
trilobites of the Kindblade Formation, therefore, stands as a standard for correlation
within the Midcontinent (Oklahoma, Texas, and Missouri) and the eastern United States
and eastern Canada.

Ross and others (1997) established and named a succession of four stages for the
Ibexian Series based upon the trilobite successions in Utah. Unfortunately, the trilobite
species used to define the base of these stages and those that characterize the stages are
absent in the Oklahoma and Missouri region, especially in the medial Ibexian Series.
Formal definition of regionally applicable stage terms through the selection of boundary
stratotypes and points is offered for the Jeffersonian and Cassinian Stages originally pro-
posed by Flower (1964). The boundary stratotype and point for the Jeffersonian Stage is
the first appearance of Ranasasus brevicephalus Cullison or Chapmania taylori . sp. at
62 ft (19 m) above the base of the Kindblade Ranch measured section. The boundary
stratotype and point for the Cassinian Stage is defined as the first appearance of Petigurus
cullisoni at 691 ft (211 m) above the base of the I-35 section.

Fifty-two species assigned to 19 genera were recovered from the Kindblade. Four gen-
era are new: Chapmania (type species C. oklahomensis n. sp.), Gelasinocephalus (type
species G. whittingtoni n. sp.), Speyeris (type species S. hami n. sp.), and Cullisonia (type
species C. producta [Cullison, 1944]). Twenty-two species are new. Alphabetically, these
are: Bathyurellus arbucklensis, Bathyurellus inflatus, Benthamaspis onomeris,
Benthamapsis rhochmotis, Bolbocephalus myktos, Bolbocephalus stitti, Chapmania
carterensis, Chapmania oklahomensis, Chapmania taylori, Gelasinocephalus pustulosus,
Gelasinocephalus whittingtoni, Ischyrotoma sila, Jeffersonia ulrichi, Petigurus cullisoni,
Punka akoura, Punka verecunda, Ranasasus colossus, Randaynia leatherburyi, Speyeris
hami, Strigigenalis derbyi, Strigigenalis implexa, and Strigigenalis insentis. Ten species
recognized by Cullison (1944) are treated based on material from the Kindblade Forma-
tion: Benthamaspis cf. mediacrista, Bolbocephalus jeffersonensis, Cullisonia producta,
Jeffersonia granosa, Jeffersonia jenni, Lutesvillia bispinosa, Ranasasus brevicephalus,
Ranasasus conicus, Rollia goodwini, and Strigigenalis crassimarginata. An additional 20
taxa are left in open nomenclature.



2 Introduction

INTRODUCTION

The Lower Ordovician (Ibexian Series) of
North America is characterized by thick deposits
of marine carbonates that accumulated upon
broad, stable platforms (Text-fig. 1). Two facies
belts can be outlined east of the Transcontinen-
tal Arch. Supratidal and shallow-subtidal car-
bonates were deposited proximal to the craton,
under hypersaline conditions and subjected to
penecontemporaneous dolomitization (Ross,
1976). The depauperate faunas recovered from
this facies are commonly dominated by gastro-
pods, including Ceratopea. Distally, normal ma-
rine conditions predominated leading to the
preservation of shallow-marine limestones with
more abundant and diverse faunas which in-
cluded trilobites.

The Kindblade Formation is the penultimate
formation of the Arbuckle Group, which accu-
mulated in southern Oklahoma from the Late
Cambrian to the Middle Ordovician (Text-fig. 2).
Across much of the state the Kindblade is pres-
ent as a dolomite. However, carbonate deposi-
tion within the Southern Oklahoma Aulacogen
(shown as “SOA” in Text-fig. 1; Wickham and
Denison, 1978) is interpreted to have occurred
under shallow-subtidal to normal-marine condi-

tions. There, the shallow-subtidal limestones of
the Kindblade Formation are the most lithologi-
cally uniform within the Arbuckle Group (Ham,
1950, 1955). The Ibexian (Lower Ordovician)
limestones of the Kindblade Formation are ex-
posed in the Arbuckle and Wichita Mountains.
Previous studies of the trilobites of the lower
part of the Arbuckle Group and the underlying
Timbered Hills Group demonstrated the suit-
ability of these Oklahoma outcrops for biostrati-
graphic study (Stitt, 1971, 1977, 1983). During a
reconnaissance of the Kindblade Formation for
the Amoco Oil Company in the 1970s, Derby and
others (1977; 1991, fig. 8) recovered a limited
fauna consisting of three trilobite species. J. R.
Derby (personal communication, 1970) sug-
gested, however, that detailed sampling would
result in the recovery of a more diverse trilobite
fauna. The current study of the Kindblade For-
mation continued the investigations of Stitt into
a younger portion of the Arbuckle Group, docu-
menting the succession of 56 trilobite species
within the next fossiliferous formation (Table 1).
Reexamination of the Amoco collections con-
firmed Derby’s identification of Peltabellia
missouriensis (Cullison), although the specimens
that he identified as Bolbocephalus sancticlairi (=
B. st. clairi) Cullison are reassigned to Bolbo-

Canada

United States

Mexico

Ibexian
lithofacies

- limestone

dolostone

shale

Text-figure 1. Map of Ibexian Series (Lower Ordovician) lithofacies distributions for limestone
(black), dolomite (stippled), and shale (dashed). Note scarcity of limestone facies east and
south of the Transcontinental Arch. Abbreviations: Ar—Arbuckie Mountains, SOA—Southern
Oklahoma Aulacogen, Wi-Wichita Mountains. After Bally and Cook (1975); Ross (1976).
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S. caudata

B. stitti
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P. cullisoni
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J. granosa

1C14a1n
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Text-figure 2. Diagram summarizing Arbuckle Group formation names and trilobite zones as exposed in
Arbuckle and Wichita Mountains of southern Oklahoma. After Stitt (1971, 1977, 1983); Derby and others

(1977, 1991); original data.

cephalus stitti. Further, Ischyrotoma abrupta
(Cullison) is revised with the specimen assigned
to Ischyrotoma sila n. sp. An unidentified and
previously uncited, fragmentary pygidium from
the Amoco collections has been identified as
Punka akouran. sp.

The Kindblade Formation was sampled inten-
sively at measured sections at the type section on
the Kindblade Ranch (Wichita Mountains, Kiowa
County) and on the Chapman Ranch, located
east of 1-35, (Arbuckle Mountains, Carter County)

in southern Oklahoma (Text-fig. 3). The mea-
sured sections were selected to avoid major
structural complications and local to regional
dolomitization documented during field map-
ping in the Wichita Mountains by Brookby (1969)
and in the Arbuckle Mountains by Ham (1950)
and Fay (1989). Sections were measured using a
Brunton compass and a Jacob’s staff. The section
was painted at 5-ft (1.5-m) intervals, and the cu-
mulative footage was noted on the rock approxi-
mately every fifth paint stripe. Paleontologic
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TABLE 1.—Previous Paleontological Studies Including
the Kindblade Formation of Southern Oklahoma

Taxonomic Group

Author(s)

Algae and Porifera:

Toomey (1964); Riding and Toomey (1972); J. R. Derby in Rigby and

Toomey (1978); Derby and others (1977, 1991); Toomey and Nitecki (1979)

Arthropoda-Trilobita:

Cloud and Barnes, 1948; J. R. Derby in Derby and others (1977, 1991)

Ulrich and Cooper (1938); Cooper (1952, 1956); J. R. Derby in Derby and

Brand (1976); R. L. Ethington in Toomey and Nitecki (1979); Ethington and

Dresbach, 1990; Dresbach and Ethington (1991); Dresbach (1998)

Brachiopoda:

others (1977, 1991)
Bryozoa: Ross (1966)
Conodonta:
Mollusca:

Yochelson and Bridge (1957); Smith and Toomey (1964); Yochelson (1973);

]. R. Derby in Derby and others (1977, 1991); Toomey (1280)

sampling was conducted on a bed-by-bed basis
for approximately 50 ft (15 m) along strike. Addi-
tional samples resulted from the comminution
of 50-75-1b (23-34-kg) boulders removed occa-
sionally from thick-bedded limestones. ldentifi-
able trilobite material was labeled by strati-
graphic position and wrapped for transporta-
tion. Lithologic descriptions of the sections were
recorded on a bed-by-bed basis and included
notation of any associated non-trilobite macro-
fossils. An average of 25 ft (8 m) of stratigraphic
section, excluding covered intervals, could be
sampled and described each day. Trilobite sam-
ples were prepared in the Advanced Paleontol-
ogy Laboratory of the Department of Geological
Sciences, University of Missouri-Columbia.

Acknowledgments

I would like to thank the late James H. Stitt,
(University of Missouri-Columbia) who toiled
selflessly in his role as my dissertation advisor.
R. L. Ethington kindly discussed problems of
large-scale correlation in Lower and Middle Or-
dovician strata and fundamental concepts of
biostratigraphy. J. F. Taylor (Indiana University
of Pennsylvania) sparked my interest in trilo-
bites, introduced me to the University of Mis-
souri-Columbia, and provided the stimulus to
complete the revision of the dissertation. R. A.
Fortey, S. R. Westrop, and J. R. Derby provided
critical reviews.

Doyle Leatherbury (Apache, Oklahoma}, and
A. C. and Curtis Pletcher (Springer, Oklahoma)
graciously provided access to the measured sec-

tions. A. C. Spreng (University of Missouri-Rolla)
and R. D. White (Yale Peabody Museum) pro-
vided access to some of Cullison’s collections. J.
R. Derby facilitated examination of the Amoco
collections before their transfer to the University
of Oklahoma. G. P. Chludzinski collected the
topotype specimen of Bolbocephalus jefferson-
ensis; W. D. Boyce provided latex molds of his
specimens of Strigigenalis crassimarginata; and

Text-figure 3 (facing page). Index maps for mea-
sured sections of the Kindblade Formation. (A) Map
of Oklahoma showing interstate highways and loca-
tions of Ardmore and Lawton. (B} Location of Kind-
blade Ranch and communities of Lawton and Carne-
gie. (C) Geologic map for portion of the Bally Moun-
tain 7.5’ Quadrangle, Kiowa County (after Brookby,
1969), showing line of section for the Kindblade
Ranch section (bold black line). Topographic contour
interval = 100 ft (30 m). Abbreviations: Occ—Cool
Creek Formation, Ok-Kindblade Formation, Omh—
McKenzie Hill Formation. (D, E) Location of the Inter-
state-35 section and community of Ardmore and
Turner Falls. (F) Geologic map for portion of the
Springer 7.5" Quadrangle, Carter County (after Ham,
1950; Fay, 1989), showing position of the I-35 sec-
tion (bold black line), east of the southern scenic
turnout on the Chapman Ranch. Topographic con-
tour interval = 50 ft (15 m). The section was located
in the adjacent pasture to ‘avoid the major fault that
truncates an estimated 90 ft (27 m) of section from
the base of the Kindblade Formation at the highway
road cut. Abbreviations: Occ—Cool Creek Formation,
Ok—Kindblade Formation, Owsc—West Spring Creek
Formation.
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D. Short and A. Gresham printed some of the
photographs assembled in the plates.

The Department of Geological Sciences, Uni-
versity of Missouri~Columbia supported study of
the Kindblade Formation in the form of graduate
assistantships, supplies, equipment, and field
support (through a gift from Chevron). Field sup-
port also was provided through a research grant
from the Geological Society of America (4260-
89).

LITHOSTRATIGRAPHY

The stratigraphic nomenclature of the Ar-
buckle Group was stabilized following the work
of Decker (1939a,b) and Ham (1950, 1955). The
Kindblade Formation was designated to include
the “main” range zone of the gastropod opercu-
lum Ceratopea (Decker, 1939b, p. 26). Ham
(1950, p. 58; 1955) defined the base of the Kind-
blade Formation in the Arbuckle Mountains at
the top of a thin-bedded limestone interval that
yields chert nodules of up to 1.0 ft (0.3 m) in di-
ameter. The base of the formation was recog-
nized on the I-35 section on this basis. This hori-
zon lies between the oolitic cherts typical of the
underlying Cool Creek Formation and slightly
below an interval containing abundant speci-
mens of the lithistid sponge Archaeoscyphia
(Ham, 1950, 1955). The large chert nodules are
not present at the Kindblade Ranch measured
section in the Wichita Mountains. Thus, in this
measured section, the base of the Kindblade For-
mation was placed where a marked increase in
bedding thickness occurs above the uppermost
oolitic chert of the Cool Creek Formation (3 ft [1
m] above the base of the measured section), and
at a position below the first occurrence of Ar-
chaeoscyphia or Ceratopea.

The underlying Cool Creek Formation exhib-
its ample evidence of deposition under shallow,
hypersaline conditions, including (1) reduced
macrofossil diversity, (2) abundant laterally
linked stromatolitic boundstone, (3) abundant
oolitic limestone, (4) abundant dolomite and
chert, and (5) pseudomorphs after evaporite
minerals (St. John and Eby, 1978; Ragland and
Donovan, 1986; Gao and Land, 1991; ]. R. Derby
in Derby and others, 1991). The base of the
Kindblade Formation is marked by decreases in
content of chert, oolite, and dolomite, by in-
crease in stacked-hemispherical stromatolitic
boundstone, by absence of evaporite pseudo-
morphs, by increase in average bedding thick-
ness, and by a marked increase in faunal diver-
sity with the establishment of the Ranasasus
brevicephalus Zone fauna. This diversity increase

indicates a return to normal-marine conditions
not experienced in the Arbuckle Group since the
deposition of the lower lime-mudstone member
of the McKenzie Hill Formation (Stitt, 1983).
This event can be correlated with the base of the
Honeycut Formation of Texas and the Jefferson
City Formation of Missouri (Derby and others,
1991, figs. 2, 3; see section on correlation below)
and probably represents a eustatic rise in sea-
level. This horizon is marked by a sharp decrease
in oolitic chert both in Missouri (Thompson,
1991, p. 39) and in Oklahoma. Trilobites of the
Ranasasus brevicephalus Zone are present with-
in 35 ft (11 m) of this horizon in Oklahoma,
within 70 ft (21 m) in Texas (Cloud and Barnes,
1948), and within 20 ft (6 m) in Missouri (Culli-
son, 1944; Thompson, 1991; Loch and others,
1993).

Subtle lithologic variations are evident in the
Kindblade Formation, although Ham (1950,
1955) believed that the Kindblade was the most
uniform of the Ordovician formations within the
Arbuckle Group. Fay (1989) delineated three in-
formal members of the Kindblade Formation on
road cuts along Interstate 35 (I-35) in the Ar-
buckle Mountains. These members record the
gradual shallowing of water depth during depo-
sition of the Kindblade Formation.

In Fay’s (1989) lower member of the Kind-
blade Formation, cyclic deposition of thick-bed-
ded, bioturbated lime mudstones alternating
with thin- to medium-bedded lime mudstones
and grainstones is well established (Lindsay and
Koskelin, 1991, p. 79-80). Preferential weather-
ing of the thin- to medium-bedded limestones
leaves the thick-bedded strata standing in positive
relief, reminiscent of aligned tombstones (“tomb-
stone topography”). Thick-bedded, stacked-hemi-
spherical stromatolitic boundstones are com-
mon. Biostromes composed of Archaeoscyphia
with or without Calathium are restricted to the
lower member (Toomey and Nitecki, 1979) and
functioned as baffles for lime-mud deposition.
The mudstones and sponge-algal biostromes are
interpreted to have been deposited below fair-
weather—wave base, in a deep-subtidal setting.
The packstones and grainstones are thought to
represent a shallowing-upward accumulation of
sediment to a position above fair-weather wave
base, allowing for winnowing of the fine-sized
sediment fraction and concentration of the
coarse fraction. Common, thin skeletal lime
grainstones that commonly exhibit scoured
bases are thought to represent tempestites
(storm-generated beds; Tenney, 1984). These in-
terpretations are consistent with the lithofacies
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associations and interpretations outlined by
Osleger and Read (1991, p. 1230-1231) for Late
Cambrian carbonate-ramp sediments in the Ap-
palachian fold belt of Virginia and Tennessee.

The base of the middle member of Fay (1989)
is marked by the lowest occurrence of oolitic
limestones (Fay’s bed 82), interbedded with
thick-bedded lime mudstone and thin-bedded
wackestone to grainstone. The basal oolite bed
was correlated physically from exposures along
the interstate to a position 660 ft (201 m) above
the base of the I-35 section. The ooids seen in
hand sample were most commonly present in a
matrix of lime mud and were classified as oolitic
lime mudstones to packstones; oolitic lime
grainstones are scarce. The mixture of oolites
and lime mud is interpreted to result from the
washing of oolites formed in shoal water, higher-
energy settings into quiet water, subtidal settings
under the influence of storms. The presence of a
proximal source for oolites indicates a general
shallowing in the Kindblade Formation between
the lower and middle members of Fay. '

The upper member of the Kindblade Forma-
tion of Fay (1989) has relatively fewer oolitic
limestones than the middle member. Thick-bed-
ded, locally bioturbated lime mudstones with
thin argillaceous to dolomitic partings predomi-
nate, with smaller amounts of thin skeletal grain-
stones and scarce, laterally linked hemispherical
stromatolitic boundstones. Read (1980, p. 1593)
interpreted a similar lithofacies association in
the Lenoir and Lincolnshire Formations of Vir-
ginia as a shallow-subtidal deposit. Severe re-
duction in the number of trilobites and associ-
ated macrofauna may indicate conditions of re-
stricted circulation in a lagoonal setting, as sug-
gested by Lindsay and Koskelin (1991).

Although Lindsay and Koskelin (1991) inter-
preted all of the Arbuckle Group as an iterative
repetition of complete and incomplete shal-
lowing-upward cycles (parasequences), these
cyclic features are not as obvious in the middle
and upper members of Fay (1989) as in the lower
member. Absence of cryptalgal laminites, ribbon
carbonates, oncolites, mud-cracked laminites,
solution breccias, microkarst features, and silica-
replaced evaporite minerals (Read, 1980, p. 1581,
1590; Osleger and Read, 1991, p. 1228-1229) in-
dicate that the shallowing-upward cycles in the
Kindblade failed to aggrade to intertidal or
supratidal conditions. Interpretation of cyclic
sedimentation in the Arbuckle Group, including
the Kindblade, was used by Goldhammer and
others (1993, fig. 13) to correlate from western
Texas to central Pennsylvania.

Intraclastic lime wackestone to packstone is
common to abundant throughout the Kindblade
Formation. Sepkoski (1982) and Osleger and
Read (1991) interpreted this type of lithology in
otherareas to result from storm scour and re-
deposition of clasts within rimmed-lagoonal to
intrashelf-basin settings. Sediments accumulat-
ing within the Southern Oklahoma Aulacogen
probably were deposited in this type of setting at
slightly greater water depths than those inter-
tidal- to supratidal-dolomitic sediments on the
adjacent portions of the platform. For example,
mud cracks and oolitic lime grainstones are ab-
sent in the lower part of the Kindblade Forma-
tion but are present in contemporaneous depos-
its of the Jefferson City Formation of Missouri
(Cullison, 1944). Fortey (1979) noted a close as-
sociation of storm-generated intraformational
conglomerates and the trilobite Isoteloides peri.
Both intraformational conglomerate (intraclastic
wackestones to intraclastic rudstones) and I. peri
are less common in the Wichita Mountains than
in the Arbuckle Mountains.

Oolitic limestones were not observed in the
Kindblade Formation at the type section in the
Wichita Mountains. This prevented application
of Fay’s (1989) informal member terminology
(see, however, Donovan and others, 1986). At the
type section, lime mudstones in the lower por-
tions of the Kindblade Formation are conspic-
uously darker than those from the Arbuckle
Mountains, suggesting deposition at somewhat
greater depths or under quieter conditions. Re-
covery of limonitic trilobite molds, after pyrite,
from collection KR-437 suggests at least occa-
sional reducing conditions below the sediment-
water interface following deposition. This would
contribute to the preservation of dispersed or-
ganic matter and could result in a darker-gray
rock color. Stromatolitic boundstones are nearly
absent and sponge-algal buildups are more
commonly biohermal than biostromal in their
geometry on the Kindblade Ranch.

The Kindblade Formation was deposited in
an intrashelf basin influenced by the presence of
the Southern Oklahoma Aulacogen. Deposition
of carbonate sediment in the position of the
Wichita Mountains occurred under slightly
deeper, quieter water conditions than for that of
the Arbuckle Mountains. Shallowing-upward
cycles, most evident low in the formation along
the I-35 section, were the dominant mode of
sedimentation in the Kindblade Formation. Fol-
lowing resumption of normal-marine conditions
at the top of the underlying Cool Creek Forma-
tion, the Kindblade Formation, as a whole, was a
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shallowing-upward lithologic package from
deep-subtidal at the base to near-intertidal con-
ditions at the top of the section. Terrigenous
clastic lithologies (shales and sandy dolomites,
Fay, 1989) within the overlying West Spring
Creek indicate continued shallowing within the
basin.

TRILOBITE BIOFACIES

Most trilobites are interpreted to have lived as
part of benthic marine communities. Fortey
(1975) described four benthic trilobite commu-
nities, now referred to as biofacies, which were
identified through the recurrent association of
trilobite genera during the Early Ordovician.
Each of these biofacies was associated with a dif-
ferent lithology from shelf-margin build-ups to
basinal sediments across a bathymetric gradient.
A fifth group of pelagic species was indépendent
of substrate type.

Fortey (1980) described an additional near-
shore, bathyurid biofacies, based upon his revi-
sion of the trilobites of the Catoche Formation of
western Newfoundland (Fortey, 1979). The Kind-
blade, as previously discussed, was deposited
under moderate- to shallow-subtidal depth. The
trilobite fauna of the Kindblade Formation is a
classic example of such a bathyurid biofacies.
Among the 18 genera recovered from the Kind-
blade, 14 are assigned to the Bathyuridae, in-
cluding 31 of 34 named species. Importantly, the
relatively shallow-water character of the Kind-
blade and the dominance of the bathyurid trilo-
bites within the fauna are consistent throughout
the formation. The implication of this observa-
tion is that any faunal boundaries established
within the Kindblade will be based upon origina-
tion and extinction events rather than faunal re-
placement as a function of changing biofacies.

TRILOBITE BIOSTRATIGRAPHY

Ross and others (1997) summarized the bio-
stratigraphic data and zonal terminology appli-
cable to the Ibexian (Lower Ordovician) rocks of
the western United States and Canada. Unfortu-
nately, the trilobite zones developed from the
Ibex region of western Utah (Text-fig. 1) cannot
be directly applied to southern Oklahoma be-
cause there are no species common to both ar-
eas. To illustrate the dissimilarity of the faunas of
these two regions, Jaccard coefficients were cal-
culated (Text-fig. 4; Table 2) and indicate a
strong dichotomy between the species of the
Great Basin and those documented from the
Kindblade Formation (see also Loch, 1995). In
the absence of trilobite species that characterize

the Ibexian trilobite zones, it is appropriate to
develop a separate zonal terminology applicable
to the southern and eastern United States and
eastern Canada.

The zones, or biozones, described below, are
defined as biostratigraphic-interval zones (Salva-
dor, 1994, p. 59-61). In the current study, a zone
extends from its base at the lowest stratigraphic
occurrence of one or more trilobite species (a
bioevent) upward through an interval of rock
until the base of the overlying zone (bioevent) is
encountered. Although defined by the lowest oc-
currence of one or more species, a zone is char-
acterized by all those species present within its
limits (Murphy, 1977). Correlation of the zone
may be based upon either the bioevent at the
base or upon the shared presence of any of the
component species.

A pragmatic approach was employed in the
design of this zonal terminology to facilitate the
regional correlation of the Kindblade Formation.
Preference was given to those taxa with at least
one locality established in the literature beyond
the study region for the definition of zones and
their bases. This preference guarantees the util-
ity of the zonal terminology for immediate corre-
lation of the Kindblade Formation. Common
species, those with greater than 10 specimens,
are preferred to assure the recognition of the de-
fined zones. Morphologically distinctive and rel-
atively large species were chosen as the epony-
mous species for each zone to promote field
identification and facilitate preliminary correla-
tions for later studies. Based upon these criteria
the following zonal terminology was developed
(Text-fig. 2):

Strigigenalis caudata Zone (youngest)

Bolbocephalus stitti Zone

Petigurus cullisoni Zone -

Benthamaspis rhochmotis Zone

Jeffersonia granosa Zone

Ranasasus brevicephalus Zone (oldest).

Ranasasus brevicephalus Zone

The base of this zone is placed at the lowest
occurrence of Ranasasus brevicephalus, Bolbo-
cephalus jeffersonensis, or Chapmania taylori.
The R. brevicephalus Zone extends stratigraph-
ically upward to the base of the overlying Jeffer-
sonia granosa Zone. Six collections from 35 to
254 ft (11-77 m) above the base of the I-35 sec-
tion are assigned to the R. brevicephalus Zone
(Pl 1, in pocket). This fauna, however, is better
represented at the Kindblade Ranch measured
section by 23 collections that extend from 66 to
253 ft (20-77 m; PL. 2, in pocket) above the base of
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Text-figure 4. Graphic illustration of Jaccard similarity coefficients for Kindblade Formation and equivalent
strata in the United States and Canada. Note the weak linkage between two endemic trilobite faunas. A
western fauna is present in the Rocky Mountains (Alberta, Montana, Utah; data from Dean, 1989; Lochman,
1966; Ross, 1951; Hintze, 1953). The trilobite fauna of the Kindblade Formation is most closely associated
with faunas east of the Transcontinental Arch from Newfoundland, Pennsylvania, Missouri, and Texas (data
from Boyce, 1989; Lees, 1967; Cullison, 1944; Cloud and Barnes, 1948). The formula for the Jaccard coef-
ficient is presented in the upper left, where C is the number of species found to be common between two lo-
calities under consideration. The number of species (N) for each locality is within the circle. The number of
species for the Kindblade Formation excludes species in open nomenclature.

the section. The following is a list’ of the nine
species that occur in the R. brevicephalus Zone:
Benthamaspis cf. mediacrista (Cullison, 1944)
Bolbocephalus jeffersonensis Cullison, 1944
+ Bolbocephalus myktos n. sp.
Bolbocephalus sp. 3
Chapmania taylorin. sp.
+ Cullisonia producta (Cullison, 1944)
Jeffersonia sp. 1
Ranasasus brevicephalus Cullison, 1944
Ranasasus conicus Cullison, 1944

!On this and subsequent species lists, those taxa
that continue upward from an underlying zone are
indicated by “-”; those that extend into overlying
strata are marked with “+”; and those that have
ranges extending above and below the zone are
marked with “+”,

The fauna of the Ranasasus brevicephalus
Zone is characterized by R. brevicephalus, Bolbo-
cephalus jeffersonensis, and Chapmania taylori.
These three species are restricted to the lower 80
ft (24 m) of the Kindblade Ranch section. Culli-
sonia producta joins this assemblage 9 ft (3 m)
above the base of the zone in this measured sec-
tion and extends upward until 1 ft (0.3 m) above
the base of the Jeffersonia granosa Zone (PL. 2).
Benthamaspis cf. B. mediacrista appears restrict-
ed to an interval near the top of the R. brevice-
phalus Zone.

Jeffersonia granosa Zone

The base of this zone is drawn at the lowest
occurrence of Jeffersonia granosa. The lowest
occurrence of Benthamaspis rhochmotis marks
the base of the overlying zone. The J. granosa
Zone spans 31 collections and ranges from 255 to
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TABLE 2.- Jaccard Coefficients of Faunal Similarity for Lower Ordovician
Trilobite Assemblages Correlative with the Kindblade Formation

Locality OK MO X PA NF MT UT-N UT-I AB
N? 38 17 6 5 13 3 13 16 5
Oklahoma (OK) XXXX
Missouri (MO) 0.244 XXXX
Texas (TX) 0.142 0353 xxxx
Pennsylvania (PA) 0.147 0222 0.000 xxxx
Newfoundland (NF) 0.146 0.154 0.000 0.286 xxxx
Montana (MT) 0.000 0.000 0.000 0.000 0.067 xxXxXX
Utah, North (UT-N) 0.000 0.000 0.000 0.000 0.040 0.067 xxxxX
Utah, Ibex (UT-I) 0.000 0.000 0.000 0.000 0.000 0.056 0.050 xxxx
-Alberta (AB) 0.000 0.000 0.000 0.000 0.059 0.143 0.059 0.000 xxxx
References:” 9 3 2 6 1 7 8 5 4

2N indicates number of binomial species used in calculations for each locality. .

bReferences: 1—Boyce (1989); 2—Cloud and Barnes (1948); 3—Cullison (1944); 4—Dean (1989);
5—Hintze (1953); 6—Lees (1967); 7—Lochman (1966); 8—Ross (1951); 9—this study.

475 ft (78-145 m; PL. 1) in the I-35 section and 16
collections between 254 and 436 ft (77-133 m; PL
2) in the Kindblade Ranch section. The following
12 species occur in the J. granosa Zone:
— Bolbocephalus myktos n. sp.

Chapmania carterensis 1. sp.
Chapmania oklahomensis n. sp.
Chapmania sp. 1
Cullisonia producta (Cullison, 1944)
Gelasinocephalus whittingtoni n. sp.
Ischyrotoma sila n. sp.
Jeffersonia granosa Cullison, 1944
Lutesvillia bispinosa Cullison, 1944
Punka akoura n. sp.
Punkasp. 1
Rollia goodwini Cullison, 1944

Chapmania oklahomensis and Punka sp. 1
have restricted stratigraphic ranges within the
Jeffersonia granosa Zone. Recovery of these spe-
cies elsewhere would allow for precise correla-
tion with the middle and upper portions, respec-
tively, of this zone.

+ 4+ + + +

Benthamaspis rhochmotis Zone

The base of this zone is placed at the lowest
occurrence of the eponymous species. The Ben-

thamaspis rhochmotis Zone extends upward to
the base of the overlying Petigurus cullisoni
Zone. In the [-35 section, 37 collections from 476
to 690 ft (145-210 m; PL 1) above the base of the
formation are assigned to the B. rhochmotis
Zone. In the Kindblade Ranch section, the 15 col-
lections recovered between 437 and 622 ft (133—
190 m; Pl. 2) are assigned to the B. rhochmotis
Zone. The following assemblage of 19 species
occurs in this zone:
Bathyurellus arbucklensis n. sp.

+ Bathyurellus inflatus n. sp.
Benthamaspis rhochmotis n. sp.
Bolbocephalus sp. 1
Gelasinocephalus pustulosus n. sp.
Gelasinocephalus whittingtonin. sp.
Ischyrotoma sila n. sp.

Isoteloides? sp. 1

Jeffersonia granosa Cullison, 1944
Jeffersonia ulrichin. sp.

Lutesvillia bispinosa Cullison, 1944
Petigurussp. 1

Punka akouran. sp.

Punka verecunda n. sp.

Ranasasus colossus n. sp.

Speyeris hamin. sp.

I+ +

H+

+

+ H o+

+
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Strigigenalis derbyi n. sp.
+ Strigigenalis implexa n. sp.
+ Strigigenalis sp. 1
Benthamaspis rhochmotis, Gelasinocephalus

pustulosus, Jeffersonia ulrichi, and Punka akoura
all appear within 10 ft (3 m) of the base of the
Benthamaspis rhochmotis Zone and highlight
this horizon in the I-35 section (Pl. 1). The strati-
graphic range of G. pustulosus is restricted to just
above the base of the B. rhochmotis Zone and
will serve to refine correlation of the zone if re-
covered elsewhere. Jeffersonia ulrichi is known
only from the I-35 section.

Petigurus cullisoni Zone

The base of this zone is placed at the lowest
occurrence of Petigurus cullisoni. The zone con-
tinues upward to the base of the overlying Bolbo-
cephalus stitti Zone. The P. cullisoni Zone in the
[-35 section ranges across 45 collections from
631 to 993 ft (211-303 m; Pl. 1) and includes 24
collections from 623 to 901 ft (190-275 m; PL. 2) in
the Kindblade Ranch section. The following as-
semblage of 19 species occurs in the P. cullisoni
Zone:

Bathyurellus? sp. 1

- Bathyurellus inflatus n. sp.
Bolbocephalus cf. B. convexus (Billings, 1865)

- Bolbocephalus sp. 1
Ischyrotoma sp. 1

— Ischyrotoma silan. sp.

Isoteloides peri Fortey, 1979

Jeffersonia sp. 2

- Jeffersonia ulrichi n. sp.

Lutesvillia sp. 1

— Petigurussp. 1
+ Petigurus cullisoni n. sp.
Punka akoura n. sp.
* Punka verecunda n. sp.
— Speyeris hami n. sp.
Strigigenalis crassimarginata (Cullison, 1944)
- Strigigenalis implexa n. sp.

Strigigenalis insentis n. sp.
~ Strigigenalis sp. 1

Few of the common taxa have mutually exclu-
sive stratigraphic ranges above the base of the
Petigurus cullisoni Zone. It has been necessary,
therefore, to select subsequent biotic events
based upon the appearance of distinctive or
abundant species (Strigigenalis caudata, Ben-
thamaspis onomeris, and Bolbocephalus stitti).
Significantly, Petigurus cullisoni exhibits a long
stratigraphic range, and on both sections contin-
ues into the overlying Bolbocephalus stitti Zone.

Recovery of one of these long-ranging species
cannot yield a unique solution to the zonal as-
signment of the sample if a short-ranging, diag-
nostic species like Ischyrotoma sp. 1 or Speyeris
hami is absent. :

Bolbocephalus stitti Zone

The base of the Bolbocephalus stitti Zone is
placed at the lowest occurrence of Bolbocephalus
stitti or Benthamaspis onomeris. The top of the
zone is drawn at the base of the Strigigenalis
caudata Zone. Thirty-six collections from 994 to
1226 ft (303-374 m) in the I-35 section are as-
signed to the B. stitti Zone (PL. 1). Three collec-
tions from 901 ft (277 m) to the top of the Kind-
blade Ranch section are assigned to the Bolbo-
cephalus stitti Zone (PL. 2). Post-Ordovician ero-
sion and Permian sedimentation have obscured
an estimated 380 ft (116 m) of the upper Kind-
blade Formation in the type section. The follow-
ing trilobite fauna of 12 species occurs in the B.
stitti Zone:

+ Benthamaspis onomeris n. sp.

+ Bolbocephalus stitti n. sp.
Bolbocephalus sp. 2

+ Dimeropygiella sp. 1

* Isoteloides peri Fortey, 1979

— Jeffersonia sp. 2.

t Petigurus cullisoni n. sp.

- Punka verecunda n. sp.

Ranasasus sp. 1

Randaynia leatherburyi n. sp.

t Strigigenalis crassimarginata (Cullison, 1944)
+ Strigigenalis insentis n. sp.

Bolbocephalus stitti was selected as the epon-
ymous species for this zone because it is large,
morphologically distinctive, and the most abun-
dant trilobite recovered from this zone. The
stratigraphic range of B. stitti, it is noted, does
extend throughout much of the overlying Strigi-
genalis caudata Zone.

Strigigenalis caudata Zone

The base of this zone is marked by the lowest
occurrence of the eponymous species at 1,227 ft
(374 m) above the base of the Kindblade Forma-
tion in the I-35 section (PL 1). The uppermost 13
collections from this section are assigned to the
S. caudata Zone. The top of the zone is unde-
fined until a detailed study of the overlying West
Spring Creek Formation can be undertaken. The
S. caudata Zone is missing in the Kindblade
Ranch section due to subsequent erosion or
burial. The following 14 species occur within the
S. caud