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ABSTRACT

Three sections of the Naco Formation in south- 
central Arizona were measured in detail and each unit in 
the measured section was sampled for lithology and fauna.

Fifteen genera and sixty-eight species of fusu- 
linids are identified, described, illustrated, and used 
to zone the Naco Formation in the area studied. Thirteen 
genera and forty-two species of conodonts were recovered 
and proved useful in helping to determine stage bounda
ries although they are too long-ranging to provide detailed 
zonation.

In the area of study the Naco Formation consists 
of 367 feet to 911 feet of alternating limestones, shales, 
with minor amounts of elastics. Only at the Salt River 
Canyon is the entire section exposed. This study indicates 
that the age of the Naco Formation in eastern Gila County 
ranges from Early Desmoinesian to Late Virgilian, with a 
hiatus between Middle Desmoinesian and Early Missourian 
and between Early Missourian and Early Virgilian.

The faunal and lithologic studies indicate that the 
strata of the Naco Formation were deposited in shallow ma
rine seas and were subject to periods of subaerial exposure.

xn



INTRODUCTION

General Statement
The Naco Formation in south-central Arizona is 

chiefly limestones and shales deposited on a shallow shelf. 
Interbedded sandstones, siltstones, and desiccated micrites 
indicating supratidal mud flats, reflect nearshore marine 
environments of deposition.

The Naco Formation contains an abundant megafauna 
consisting of pelecypods, gastropods, brachiopods, bryozoans, 
algae, corals and crinoids. The equally abundant microfauna 
includes fusulinids, other foraminifera, conodonts, fish 
teeth and scales, echinoid spines, with lesser amounts of 
ostracodes, and abundant tiny immature gastropods and 
pelecypods.

Location
The area investigated is located in the Transition 

Zone between the Basin and Range Province to the south and 
the Colorado Plateau Province to the north. The three meas
ured stratigraphic sections of the Naco Formation are loca
ted in eastern Gila County on the Apache Indian Reservation. 
The sections are located at the Salt River Canyon, Black 
River and White River (Fig. 1). All three sections are

1
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Figure 1. Index map of Arizona showing location of the 
measured sections in eastern Gila County.
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accessible by paved roads or good secondary roads. Permis
sion to collect rocks on the reservation was obtained from 
the Apache Indian Reservation Bureau of Recreation at White 
River, Arizona.

Purpose and Scope of Investigation 
The Naco Formation in the area of study is a 

marine sequence of alternating limestone and shale that 
contains an abundant and diversified megafauna and micro
fauna. Although the area has received previous paleon- 
tologic and stratigraphic study, only two authors have con
tributed significantly to the knowledge of the microfauna; 
Horvath (1960) and Brew (1965). Both of these papers deal 
primarily with fusulinids.

The purpose of this investigation is to identify, 
describe and illustrate the fusulinid and conodont fauna 
obtained from the three measured sections of the Naco 
Formation in eastern Gila County and compare them with the 
fauna of other areas, both in Arizona and in other states.

Methods of Investigation 
The three sections studied were measured with a 

Jacob staff and Brunton compass. They were divided into 
units based on field and microscopic examination of the 
lithologies. At least one sample was collected from each 
unit for lithologic and faunal studies; several samples were
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collected from visibly fossiliferous units. Rock colors for 
the fresh and weathered surfaces of the samples were deter
mined by comparison with the National Research Council Rock- 
Color Chart (Goddard, 1948).

In the laboratory, thin sections or etched slabs 
were prepared to determine the lithologic and faunal content 
of each sample. Selected carbonate samples were stained 
with Alizarin Red S to aid in the identification of dolomite, 
quartz sand and silt. Folk's (1961) classification of car
bonate rocks was used to describe lithologies.

Portions of nearly all carbonate samples were dis
solved in 10 percent acetic acid and the insoluble residues 
were floated in tetrabromoethane to separate the heavy frac
tion of the residue containing conodonts, fish fragments and 
heavy minerals from the lighter fraction containing fora- 
minifera, echinoderm fragments, other carbonate fossil frag
ments, quartz grains and clay. The samples dissolved 
averaged 500 grams. Both heavy and light fractions of the 
residues were studied for their faunal content.

Using diluted acetic acid and allowing 4 to 10 days 
for dissolution, many microfossils remained intact for study 
such as holothurian plates, fusulinids, ostracodes, crinoid 
fragments, and calcareous foraminifera.

Both fusulinids and conodonts were identified for 
biostratigraphic information but no attempt was made to
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determine evolutionary aspects among the various species and 
genera. Illustrated specimens of the fusulinids and cono- 
donts are deposited in the University of Arizona collection.

Previous Work
Prior to this thesis, many workers had investigated 

the Pennsylvanian in and around eastern Gila County.
Ransome (1916) studied the Tornado limestone in central 
Arizona; Barton (1925) studied the Pennsylvanian in central 
Arizona; Huddle and Dobrovolny (1945) reported on the 
stratigraphy and age of the strata in the Salt River Canyon, 
Black River and White River; Havener and Pye (1958) dis
cussed the paleogeography of the Pennsylvanian in Arizona; 
Horvath (1960) studied the fusulinids of the Naco Formation 
south of the Mogollon Rim in east-central Arizona including 
the Salt River Canyon; Kottlowski (1960) measured sections 
at the Salt River Canyon, Black River and White River; 
Kottlowski and Havener (1962) investigated the Pennsylvanian 
of the Mogollon Rim; Lokke (1962) reported on the Pennsyl
vanian of the Salt River Canyon and in the subsurface of 
Apache and Navajo counties; Brew (1965) measured 8 sections 
of the Naco Formation in central Arizona; and Reid (1968) 
studied the Naco Formation in south-central Arizona and was 
the first to report conodonts from the Pennsylvanian of 
Arizona.
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Other works on Arizona geology pertinent to this 

study, although not immediately adjacent to the area of 
study are Sabins and Ross (1963) who described the Late 
Pennsylvanian and Early Permian fusulinids in the Chiri- 
cahua Mountains, Ross and Sabins (1965) studied the Early 
and Middle Pennsylvanian fusulinids of southeastern Arizona, 
Ross and Tyrrell (1965) described the fusulinids of the 
Whetstone Mountains, Wells (1965) investigated the Naco and 
its fusulinid fauna near Winkelman, Estes (1968) reported on 
the fusulinids of the Horquilla Limestone in the Gunnison 
Hills, Micklin (1969) described the conodonts and fusulinids 
from the Pennsylvanian of the northern Dragoon Mountains, 
and Ross (1969) worked on the fusulinids of the Gila Moun
tains .

History of the Naco Formation 
Ransome (1904, p. 44) originally proposed the name 

Naco Limestone for the limestones that overlie the Escabr- 
osa Limestone in the Naco Hills in southeastern Arizona.
This sequence included both Pennsylvanian and Permian strata, 
but at that time the Permian was not recognized as a valid 
system by the U. S. Geological Survey. Stoyanow (1936, p. 
522) restricted the term Naco to the lower part of the for
mation as defined by Ransome. Gilluly, Cooper and Williams 
(1954, p. 16) redefined the Naco Formation of Ransome as the 
Naco Group and divided it into six formations: the Horquilla
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Limestone, Earp Formation, Colina Limestone, Epitaph Dolo
mite, Scherrer Formation and Concha Limestone in ascending 
order. Of these, only the Horquilla Limestone and the lower 
part of the Earp Formation are Pennsylvanian in age.

In central Arizona, Huddle and Dobrovolny (1945) 
first assigned marine Pennsylvanian strata to the Naco For
mation. Brew (1965) assigned an age of Early Desmoinesian 
to post-Virgilian to the Naco Formation in this same area. 
Horvath (1960, p. 20) examined three sections of the Naco 
Formation in east-central Arizona and found it to be from 
Middle Pennsylvanian to possibly Early Permian in age.

In the area of study, the sequence of Pennsylvanian 
strata is chiefly limestones and shales that interfinger 
near the top with the red clastic units of the Late Penn
sylvanian to Permian Supai Formation. The term Naco Forma
tion as used in this study includes the dominantly marine 
Pennsylvanian limestones and shales that underlie the 
clastic Supai Formation.



. STRATIGRAPHY OF THE NACO FORMATION

General Statement
The basal units of the Naco Formation in the Salt 

River Canyon measured section contained no fusulinids or 
conodonts and the exact age was therefore not determined.
The first unit containing a diagnostic fauna is Desmoinesian 
in age. The first unit with a diagnostic fauna at Black 
River is also Desmoinesian in age, while at White River, the 
Missourian is the oldest recognizable stage.

Discussion of the Measured Sections
The most complete Pennsylvanian section was en

countered at the Salt River Canyon, and was measured in 
roadcuts on the north side of the Canyon. The roadcuts are 
illustrated in Figures 2 to 15 and the location of these 
roadcuts on the highway are presented in Figure 56 (Map 
Pocket).

Desmoinesian Stage
The rocks of Desmoinesian age were measured as 613 

feet thick at the Salt River Canyon and 560+ feet thick at 
Black River. At the Salt River Canyon the Naco Formation 
disconformably overlies the Escabrosa Limestone. The lower
most 35 feet of the Naco Formation is composed of red shale

8
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Figure 2. Roadcut number 1, on the northwest side of the 
highway, Salt River Canyon. Units 1 through 11 
of the Naco Formation are exposed.

Figure 3. Roadcut number 2 on the northwest side of the
highway, Salt River Canyon. Units 12 through 17
of the Naco Formation are exposed.
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Figure 4. Roadcut number 3 on the southeast side of the
highway. Salt River Canyon. Units 18 through 25 
of the Naco Formation are exposed; units 26 
through 32 are exposed further east. The 
increase in east dip observed in the outcrop is 
due to a small fault which may be observed just 
left of center in the photograph.

Figure 5. Upper (western) portion of roadcut number 4 on
the northwest side of the highway, Salt River
Canyon. Units 33 and 34 of the Naco Formation
are exposed.
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Figure 6. Roadcut number 8 on the northwest side of the
highway, Salt River Canyon. Units 35 through 45 
of the Naco Formation are exposed.

Figure 7. Roadcut number 7 on the northwest side of the
highway, Salt River Canyon. Units 46 through 54 
of the Naco Formation are exposed. Additional 
units are exposed farther north, around the bend.



Figure 8. Roadcut number 11 on the northwest side of the
highway, Salt River Canyon. Units 64 through 66 
of the Naco Formation are exposed.

Figure 9. Roadcut number 12 on the northwest side of the
highway, Salt River Canyon. Units 67 through 76
of the Naco Formation are exposed.
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Figure 10. Poadcut number 13 on the northwest side of the
highway, Salt River Canyon. Units 78 through 84 
of the Naco Formation are exposed.

Figure 11. Roadcut number 14 on the northwest side of the
highway, Salt River Canyon. Units 79 through 87
of the Naco Formation are exposed.
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Figure 12. Roadcut number 15 on the northwest side of the
highway. Salt River Canyon. Units 92 through 101 
of the Naco Formation are exposed.

Figure 13. Roadcut number 16 on the northwest side of the 
highway, Salt River Canyon. Units 102 through 
112 of the Naco Formation are exposed.
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Figure 14. Roadcut number 19 on the northwest side of the 
highway, Salt River Canyon. Units 113 through 
115 of the Naco Formation are exposed.

Figure 15. Roadcut number 20 on the northwest side of the
highway, Salt River Canyon. Units 116 through
124 of the Naco Formation are exposed.
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and chert breccia at the base, grading up into silty shales, 
siltstones, lenses of chert breccia and chert sand and grav
el. The overlying 35 feet consists of siltstones, sand
stones, shales and argillaceous micrites. Desmoinesian 
fusulinids first occur 44 feet above the Naco-Escabrosa 
contact and indicate an Early Desmoinesian age.

Above this lower 70 feet, the Desmoinesian part of 
the Naco consists of alternating limestones, shales and 
nodular shales for 280 feet, with two olive gray sandstone 
marker beds at 274 feet and 342 feet above the Naco-Escabro- 
sa contact. The next 243 feet of the Desmoinesian consists 
of alternating thin limestones and shales and lacks the 
large number of nodular shales found below. The upper 54 
feet of the Desmoinesian part at Salt River Canyon are com
posed of limestones, shales and nodular shales.

At Black River, the lower 181 feet of the Naco con
sists of limestones, shales and nodular shales. Overlying 
this is a clastic unit 14 feet thick that is conglomeratic 
at the base and slightly cross bedded sandstone at the top. 
Above this clastic unit is 205 feet of limestone and nodular 
limestone. Although minor amounts of shale are exposed, 
much of this 205 feet is covered. The covered intervals are 
believed to be dominantly shale. The top 160 feet is pre
dominantly limestone with only minor amounts of nodular 
limestone and shale.
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At both the Salt River Canyon and Black River many 

units have "bird's eye" structure and desiccation cracks 
filled with sparry calcite. At the Salt River Canyon, these 
units occur intermittently throughout the section with only 
two main groupings, one from 325 feet to 345 feet above the 
base and the second from 520 feet to 570 feet above the base. 
At Black River, desiccation cracks and "bird's eye" struc
ture are more distinctly grouped from 91 feet to 176 feet 
and from 470 feet to 560 feet above the base of the section.

Missourian Stage
Strata of Missourian age at Salt River Canyon are 

292+ feet thick and are 11+ feet thick at White River. At 
the Salt River Canyon they are dominantly shale with lesser 
amounts of silty and argillaceous limestones that contain 
rare microfossils. Desiccation cracks filled with sparry 
calcite are mainly confined to an interval ranging from 20 
feet to 31 feet above the first occurrence of Triticites, 
with one other occurrence near the top of the section.

At White River, only the upper 11 feet of the Mis
sourian Series is present, and consists dominantly of shale 
with some argillaceous and silty limestone.

Virgilian Stage
The Virgilian, exposed only at White River, is 356+ 

feet thick. The lower 40 feet is composed of limestones,
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nodular limestones and some shales. The succeeding 153 
feet is composed predominantly of limestones with covered 
intervals between them. Overlying this is 9 feet of red 
siltstone and then 95 feet of limestones with some shales 
and covered intervals. Above this is a 10-inch bed contain
ing very abundant fusulinids that lies just below 26 feet of 
siltstones, sandstones and conglomerates that show some 
crossbedding. The remaining 27 feet is covered except for 
limestones at the bottom and the very top. "Bird's eye" 
structures and desiccation cracks occur sporadically 
throughout the Virgilian section.

Environment of Deposition
During much of the time represented by the Desmoin- 

esian, Missourian and Virgilian Series, eastern Gila County 
was covered by a shallow epeiric sea. At the Salt River 
Canyon, where the Naco-Escabrosa contact is exposed, Des- 
moinesian sediments disconformably overlie the Escabrosa.
The basal Desmoinesian strata consist of shales and chert 
breccias that represent the reworking of the regolith devel
oped on the Escabrosa in pre-Desmoinesian time.

The Naco in the area studied is characterized by 
shales, nodular limestones and intraclastic limestones with 
lesser amounts of siltstones, sandstones and conglomerates. 
The limestones are silty and commonly argillaceous as is 
evidenced by the large amounts of silt and clay present in
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the insoluble residues. The presence of nodular limestones 
and intraclastic limestones would indicate that the sea was 
shallow and the bottom was probably above wave base. At 
times, the sea bed was subjected to subaerial exposure under 
supratidal conditions as evidenced by the presence of desic
cation cracks filled with sparry calcite and ’’bird's eye" 
structure (Shinn, 1968). Several minor unconformities ob
served in the Missourian and Virgilian strata at White 
River indicate that during Missourian and Early Virgilian 
time the sediments were subjected to periodic exposure and 
erosion. The presence of eroded and transported specimens 
of Profusulinella suggests that pre-Desmoinesian sediments 
were being eroded during Middle Desmoinesian time.

Although the Pennsylvanian was predominantly a time 
of limestone and shale deposition in central Arizona, the 
presence of medium and coarse clastic deposits indicates the 
existance of nearby land areas.

The fauna also indicates a shallow sea. McCrone 
(1964, p. 278-279) noted that modern larger benthonic foram- 
inifera and the modern equivalents of fossil associates of 
fusulinids live in water depths of less than 60 feet.
Stevens (1971, p. 410) examined the distribution of Pennsyl
vanian fusulinids in the McCoy Formation of Colorado and 
concluded that the majority of fusulinids were restricted 
to water depths of less than 70 feet. Stevens also noted



that except for some red algae, modern algae are common in 
warm waters of less than 60 feet in depth and are most abun
dant in waters of 12 to 18 feet.

The presence of filter-feeding organisms such as 
bryozoans, brachiopods, corals and crinoids suggest that 
the waters must have been clear enough to allow them to 
thrive even though the strata in which they are found con
tain considerable amounts of clay and silt. Algae, which 
require direct sunlight for photosynthesis, indicate that 
the water must have been shallow, especially if it was murky 
due to suspended clay.

20



FUSULINID ZONATION

General Statement
The fusulinid fauna of the Naco Formation in the 

area studied ranges from Middle to Late Pennsylvanian in age 
Fifteen genera and sixty eight species are described and 
illustrated with eight new species that have not been pre
viously mentioned in the literature. Rare specimens of 
Fusiella? and Novella? were observed but were not described 
or illustrated.

Ross and Sabins (1965, p. 177) first worked out the 
basic fusulinid zonation for southeast Arizona. Micklin 
(1969, p. 30-31) has pointed out that the zones erected by 
them should be considered concurrent range zones rather than 
assemblage zones and assemblage subzones.

The fusulinids described fall into two major fusu
linid zones, the Beedeina Concurrent Range Zone and the 
Triticites Concurrent Range Zone. The Profusulinella Concur 
rent Range Zone and the Fusulinella Concurrent Range Zone 
are not present in the area of study, but specimens of 
Profusulinella occur throughout the Beedeina Range Zone.

The majority of the specimens examined that fall 
within the Beedeina Concurrent Range Zone were abraded and 
some show partial replacement and are considered by the
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author to have been transported. These abraded specimens 
are often found occurring with fusulinid species that are 
more advanced and occur in fusulinid subzones that begin 
higher in the stratigraphic section. In setting up the 
fusulinid zonation, the most advanced species found in a 
unit were used to determine the subzone and zone boundaries, 
even though in many cases fusulinids of lower zones and 
subzones were present.

The Beedeina Concurrent Range Zone (Desmoinesian) is 
marked by the first occurrence of that genus and is sub
divided into four subzones, the Beedeina hayensis Subzone is 
the lowest, the Wedekindellina euthysepta Subzone, the 
Beedeina girtyi Subzone, and the Beedeina exima Subzone 
which is the highest. The Beedeina Concurrent Range Zone 
terminates just below the first occurrence of Triticites.

The Triticites Concurrent Range Zone begins with the 
first occurrence of that genus and is broken down into the 
Triticites ohioensis Subzone (Missourian) of Dunbar and 
Henbest (1942, p. 31), the Triticites acutuloides Subzone 
(Lower Virgilian) which corresponds to both the Triticites 
acutuloides and Triticites moorensis Subzones of Ross in 
West Texas (1969, p. 1163), and the Triticites bensonensis 
Subzone (Middle Virgilian) of Ross (1969, p. 1407). Above 
the Triticites bensonensis Subzone is a subzone of Upper
Virgilian fusulinids.
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Fusulinid Zones

Beedeina Concurrent Range Zone
The Zone begins with the first occurrence of Beed

eina and terminates below the first occurrence of Triticites, 
and defines the Desmoinesian Stage. At the Salt River Can
yon the first occurrences of Beedeina are Beedeina hayensis, 
B. cf. B. arizonensis and B . insolita in a 3.5 foot thick 
silty and sandy shale unit 45 feet above the Naco-Escabrosa 
contact. This unit is overlain by a calcareous sandstone 
and siltstone of the same thickness. At Black River Beed
eina sp. occurs 29 feet up from the base of the section in a 
partially concealed nodular shale sequence. The Beedeina 
Zone is not present at White River. At the Salt River Can
yon this Zone is 575 feet thick and at Black River it is 524 
feet thick.

The Beedeina hayensis Subzone at the Salt River 
Canyon is 31 feet thick and marked by the occurrence of 
Beedeina hayensis, B. insolita, B . cf. B . arizonensis, and 
Fusulinella famula at the base. Other species in the Sub
zone include Wedekindellina henbesti, Fusulinella cf. F. 
oakensis, Profusulinella plummeri, and Beedeina leei at the 
top.

The Wedekindellina euthysepta Subzone overlies the 
Beedeina hayensis Subzone at the Salt River Canyon and
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begins with the first occurrence of Wedekindellina euthy- 
septa. Here the Subzone is 23 feet thick and also contains 
Wedekindellina cf. W. matura and Beedeina euryteines. It 
terminates below the first occurrence of Beedeina cf. B. 
haworthi.

The Beedeina girtyi Subzone is the thickest subzone 
with the most diverse fusulinid fauna encountered. At the 
Salt River Canyon it is 521 feet thick and is marked by the 
occurrence of Beedeina cf. 13. haworthi which occurs through
out the Subzone. Other species typical of this Subzone as 
set forth by Ross and Sabins (1965, p. 177) are Beedeina 
bowiensis, B. rockymontana, B̂. cf. B . pristina, B . cf. B. 
girtyi and Wedekindellina henbesti. Beedeina tumida and B. 
plena occur near the middle of this Subzone. Alexander 
(1954, p. 52) found these species occurring with those of 
the Beedeina exima Subzone in Oklahoma but at the Salt River 
Canyon and Black River no species typical of the Beedeina 
exima Subzone in Arizona were found, and these two species 
are considered to range down into the Beedeina girtyi 
Subzone. Other species found in this Subzone were Beedeina 
leei, 13. cf. By arizonensis, B . cf. By cedarensis, By 
portalensis, B . pattoni, Wedekindellina euthysepta and 
Fusulinella cf. F. alta. Fusulinella alta was found by 
Verville, Thompson and Lokke (1956, p. 1283) in strata of 
Middle Desmoinesian age in Nevada in association with
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Fusulinella nevadaensis and Beedeina vreintzi. Other authors 
have reported occurrences of Fusulinella in the Beedeina 
Concurrent Range Zone. The upper boundary of this Subzone 
at the Salt River Canyon is just below the first occurrence 
of Triticites and includes 164 feet at the top that do not 
contain fusulinids.

At Black River the first fusulinid unit lacks a 
diagnostic fusulinid fauna to readily determine which sub
zone they could be assigned to. The 33 feet in question 
begin 29 feet up from the base of the section and contain 
Beedeina sp., Wedekindellina sp., Parafusulinella sp. A, and 
Fusulinella famula. The specimens of Fusulinella famula are 
abraded and may have been transported. This unit is tenta
tively being assigned to the Wedekindellina euthysepta Sub
zone on the basis of being stratigraphically below the 
Beedeina girtyi Subzone and on the presence of Parafusu
linella which is considered Lower Desmoinesian (Stewart,
1970, p. 52).

At Black River the Beedeina girtyi Sub zone is the 
lowest definite subzone encountered and is 500 feet thick.
It is marked by the occurrence of Beedeina girtyi 62 feet up 
from the base of the section which occurs with Wedekindellina 
henbesti and Fusulinella sp. Other species characteristic 
of this Subzone are Beedeina bowiensis, B. cf. By bowicnsis,
B - novamexicana, B. cf. B_. novamexicana, B. tumida, !B. cf.



26
B. illinoisensis , B . cf. 13. pristina and B̂. knighti. Other 
species found include Wedekindellina euthysepta, W. alveo- 
lata, W. excentrica, W. henbesti, W. cf. W. matura, Beedeina 
portalensis, B. cf. B. cedarensis, B̂. leei, Profusulinella 
cf. P. marblensis, and P. sp. A. The upper 140 feet of the 
section contains few fusulinids and the last occurrence is 
Profusulinella sp. A, Eostaffella sp. B and Plectofusulina 
sp. The Profusulinella is abraded. There are no occurren
ces of Triticites in the section to mark the upper limit of 
the Beedeina Concurrent Range Zone.

Triticites Concurrent Range Zone
The Triticites Concurrent Range Zone is 292 feet 

thick at the Salt River Canyon and is 367 feet thick at 
White River. The Triticites ohioensis Subzone of Dunbar 
and Henbest (1942, p. 31) is the lowest subzone present 
(Missourian) and is noted in both the Salt River Canyon and 
White River measured sections. At the Salt River Canyon it 
is the only subzone present in the Triticites Concurrent 
Range Zone. The first Triticites encountered are Triticites 
sp. that are the subcylindrical forms with a thin wall that 
characterize the fusulinids of this Subzone. The species 
found here include Triticites pygmaeus. T. nebraskensis,
T. cf. T. burgessae and T. cf. 1\ newelli. The Subzone is 
292 feet thick with sparse fusulinids in the lower part and 
no fusulinids in the upper 111 feet.
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At White River only 10 feet of the Triticites ohio- 

ensis Subzone was found which contains Triticites fresnal- 
ensis, T. nebraskensis, and T. sp. A.

The Virgilian fusulinids at White River are 
divisible into three subzones, the Triticites acutuloides 
Subzone (Lower Virgilian), the Triticites bensonensis Sub
zone (Middle Virgilian), and a subzone of Upper Virgilian 
fusulinids.

The Triticites acutuloides Subzone is 201 feet thick 
and begins with the first occurrence of that species. Only 
two other species of Triticites were found in this Subzone, 
T. coronadoensis and T. rhodesi. The Subzone ends below the 
first occurrence of T. confertoides.

The Triticites bensonensis Sub zone is 152 feet thick 
and begins with the first occurrence of T. confertoides 
which is found with T. sp. C. The species in this Subzone 
include T. cf. T. confertoides, T. coronadoensis, T. whet- 
stonensis, T. cf. T. turgidus, T. sp. D, Dunbarinella 
ervinensis, D. cf. D. skinneri, and at the top, Triticites 
bensonensis and Schubertella kingi. It ends below the first 
occurrence of Triticites cf. T. creekensis.

The Upper Virgilian fusulinid subzone is charac
terized by large fusiform fusulinids with a thick wall and 
weak septal fluting across the midplane of the outer volu
tions. This subzone is 3 feet thick (the only unit
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containing these fusulinids) and includes Triticites cf. T. 
creekensis, T. cf. T. imperialis, T. sp. D, and Schubertella 
kingi. These fusulinids are considered to be of uppermost 
Virgilian as there were no species of Schwagerina or Pseudo- 
schwagerina associated with them to indicate a Wolfcampian 
age. No name is being applied to this subzone as it en
compasses only one unit and Triticites creekensis is typ
ically a Wolfcampian form and Schubertella kingi ranges down 
into the Middle Virgilian (Sabins and Ross, 1963, p . 361). 
Triticites imperialis was found in the Upper Virgilian by 
Kauffman and Roth (1966, p. 8) and this is the only reported 
occurrence of this species in Arizona to date.



CONODONT BIOSTRATIGRAPHY

General Statement
Conodonts are usually recovered as free individual 

specimens from marine sedimentary rocks of all lithologies. 
In some black shales conodonts have been found in assem
blages that appear to be the undisturbed remains of a cono- 
dont-bearing animal. These assemblages indicate that the 
conodont-bearing animal was bilaterally symmetrical and 
contained numerous conodonts of different genera with each 
genus occupying a restricted portion of the conodont-bearing 
apparatus.

The occurrence of conodonts as both individual spec
imens and in assemblages has posed a question as to their 
means of classification. The use of binomial nomenclature 
for the conodont assemblage is the most desirable procedure 
as a single animal can be ascribed to only one genus and 
species. In this approach a conodont-bearing animal is 
designated to a genus and species on the basis of the nature 
and number of conodont individuals it bears. As an example, 
Rhodes (1962, p. W73) characterized the assemblage genus 
Scottognathus Rhodes by the presence of the "genera"
(genera of discrete conodonts) Hindeodella, Ozarkodina,
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Synprioniodina and Streptognathodus or Idiognathodus; Lewis- 
townella Scott by Cavusgnathus and Westfalicus Schmidt by 
Gnathodus.

In general, the designation of an assemblage to a 
genus and species is the correct approach to the taxonomy 
of conodonts. It not only provides for only one generic 
and specific name for the entire animal, but also indicates 
the number and types of discrete conodonts present. This 
mode of nomenclature also facilitates the evolutionary 
study of the conodont-bearing animal in that variations 
between individuals in distinct assemblage species and 
genera can be more easily assessed.

However, the assemblage approach is less useful 
when only discrete conodonts are recovered from strata, 
especially limestones, and the form genus and species method 
of classification is most readily applied to them. With 
this method of binomial nomenclature, each discrete conodont 
is treated as a separate, distinct form and are classified 
as such. As an example, in the assemblage genus Scotto- 
griathus Rhodes, Tdiognathodus is considered a part of the 
assemblage genus, but with the form genus approach, Tdio
gnathodus is considered a separate and distinct genus with 
several species ascribed to it.

In considering the conodont fauna of the Naco Forma
tion the form genus and species approach is used for the
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following reasons; the majority of conodont literature per
taining to them has used this method of classification to 
describe the fauna, and the conodonts recovered by the 
author are discrete individuals that were obtained by dis
solving limestones. In the dissolution of a limited volume 
of limestone (500 grams) it is not possible to ascertain 
whether the specimens represent the remains of a single 
organism, or a sequence of different organisms deposited 
successively through increments of geologic time.

Pennsylvanian conodont faunas in the Southwest have 
been examined and discussed by several workers, Dunn (1966, 
1970), Webster (1969), Reid (1968) and Micklin (1969) . The 
studies of Dunn were confined to Chesterian and Morrowan 
conodonts from Nevada, Utah, Oklahoma and Texas. He recog
nized three main stocks of Mississippian platform conodonts 
that gave rise to Pennsylvanian platform conodonts that 
range up into the upper Pennsylvanian.

Webster in examining Chesterian and Derryan cono
donts in Nevada proposed two new conodont zones; the Gnatho- 
dus girtyi simplex zone (Chester) and the Streptognathodus 
noduliferous - Idiognathodus convexa zone (Morrow).

Reid (1968) studied the Pennsylvanian conodont fauna 
in south-central Arizona and concluded that conodonts are of 
less value than fusulinids as age indicators, but used to
gether, they are useful in locating stage boundaries.
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Micklin (1969) reported on Morrowan to Permian cono- 
donts in the northern Dragoon Mountains.

The conodonts encountered in this study represent 15 
genera and 44 species, 3 of which are undescribed species. 
Some of the species described have not been previously re
ported from Desmoinesian or younger strata. At or near 
stage boundaries the number of species present is greater 
than elsewhere in the section, and may represent reworking 
of older sediments. Fusulinids indicate that strata of 
Upper Desmoinesian and Middle to Upper Missourian age are 
absent demonstrating the presence of disconformities at or 
near the stage boundaries.

The Conodont Fauna

Morrowan and Derryan
Although conodont species characteristic of the 

Morrowan and Derryan were recovered, they were found in 
association with fusulinids that indicate a Desmoinesian or 
later age. Gnathodus bassleri bassleri and G. bassleri sym- 
metricus are known from the Upper Morrowan of the southern 
midcontinent region (Lane, 1967, p. 929). Webster (1971, 
p. 406) states that these species do not occur above the 
Atokan (Derryan) in Nevada. Both of these species are found 
in the Desmoinesian and higher in Arizona: at Superior, 
Coolidge Dam and Winkelman (Reid, 1968, p. 126-128); the



northern Dragoon Mountains (Micklin, 1969, p . 147-148);
Salt River Canyon and White River.

Desmoinesian
The Desmoinesian conodont fauna at the Salt River 

Canyon and Black River is dominated by species of Idiogna- 
thodus, and species of Streptognathodus are rare. The Des
moinesian assemblage contains most of the species described 
by Murray and Chronic (1965, p. 597-607) from the Desmoin
esian of Colorado, but all of the species except Hibbardella 
obtusa range upward at least into Lower Missourian strata.

Missourian
The Missourian conodont fauna at the Salt River Can

yon is dominated by species of Streptognathodus and Adeto- 
gnathus. Idiognathodus is present only in the lowermost 
Missourian units. Adetognathus missouriensis is restricted 
to the Missourian at the Salt River Canyon but ranges into 
the Virgilian at White River. This species also occurs in 
the uppermost Desmoinesian strata at Black River in associa
tion with reworked? Profusulinella. Reid (1968, p. 57) 
found A. missouriensis to be restricted to the Missourian 
and Virgilian in south-central Arizona. Micklin (1969, 
p. 141) reported it from the Middle and Upper Desmoinesian 
of the northern Dragoon Mountains.
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The Missourian conodont fauna of eastern Gila County 

lacks the gondoellids which characterize the midwest cono
dont fauna, and the abundant idiognathodids which Ellison 
(1941, p. 109) describes.

Virgilian
The Virgilian conodont fauna is dominated by strep- 

tognathodids of which Streptognathodus elegantulus is the 
most common and abundant species. This abundance of one 
species has been reported in Arizona by Reid (1968, p. 58), 
Micklin (1969, p. 55), in the central Appalachian Mountains 
by Merrill (1971, p. 409), and in Missouri and Kansas by 
Ellison (1941, p. 110-111).



SYSTEMATIC PALEONTOLOGY

Order Foraminiferida
Superfamily Fusulinacea von Moller, 1878 

Family Ozawainellidae Thompson and Foster, 1937
Genus EOSTAFFELLA Rauser-Chernoussova

Eostaffella, RAUSER-CHERNOUSSOVA, 1948, p. 14-15. 
Paramillerella, THOMPSON, 1951, p. 115-116.

Stewart (1970, p. 36) has pointed out that there are 
more than ninty-five species of this genus published, mainly 
in Russian literature, so that it would be difficult at this 
time to attempt to speciate this genus. In all three 
sections studied, many specimens of Eostaffella were encoun
tered, but too few properly oriented slides were made for 
speciation. However, all of the oriented forms encountered 
in the measured sections of this study seem to fall into two 
broad groups, and these will be treated as species for the 
purposes of this paper.

Eostaffella sp. A 
Fig. 16, nos. 3-6; Append. 1-2 

Description. The small discoidal tests of 3 to 
3 1/2 volutions reach 0.13 mm in length and 0.46 mm in 
width. The spherical proloculi range from 0.03 to 0.07 mm 
in outside diameter. The test is involute with an angular
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periphery and a slightly umbilicate axial region. The shell 
expands rapidly after the first two volutions. The septa 
are straight throughout the shell. The thin three-layered 
wall is composed of a tectum, upper tectorium and a prima- 
theca. The straight, narrow tunnel is flanked by small 
asymmetrical chomata.

Discussion. Eostaffella sp. A is larger, has a 
larger proloculus and a more angular periphery than Eostaff- 
ella sp. B.

Occurrence. The specimens examined are from unit 
10 (Lower Desmoinesian) at the Salt River Canyon, unit 43 
(Middle Desmoinesian) at Black River, and unit 35 (Middle 
Yirgilian) at White River.

Eostaffella sp. B 
Fig. 16, nos. 7-10; Append. 1-3

Description. Minute discoidal tests of 3 to 3 1/2 
volutions attain a length of 0.08 mm and a width of 0.23 mm. 
The small spherical proloculi measure 0.03 to 0.04 mm in 
outside diameter. The periphery is narrowly rounded, with 
an umbilicate axial region. The test is involute in all 
volutions. The septa are unfluted throughout the test.
The thin three-layered wall is composed of a tectum, upper 
tectorium and a primatheca. The narrow, straight tunnel is 
bordered by small asymmetrical chomata.
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Discussion. Eostaffella sp. B is smaller, with a 

smaller proloculus and more rounded periphery than Eostaff
ella sp. A.

Occurrence. The specimens examined are from units 
4, 42, 45, and 70 (Middle Desmoinesian) at Black River.

Genus MILLERELLA Thompson, 1942 
Millerella spp.

Fig. 16, nos. 1-2; Append. 1-1
Description. The minute tests of 2 1/2 to 3 1/2 

volutions range from 0.03 to 0.13 mm in length and from 0.13 
to 0.46 mm in width. The small, spherical proloculi range 
from 0.03 to 0.07 mm in outside diameter. The first 2 volu
tions may be involute with the outer volutions convolute.
The thin wall consists of a tectum, primatheca, and thin 
outer tectorium. There is no septal fluting. The narrow, 
regular tunnel is bordered by small asymmetrical chomata.

Discussion. Scattered, rare specimens were encoun
tered in all three measured sections, none of which appear 
to be conspecific with the holotype illustrated by Thompson 
(1942, pi. 1, fig. 5). The specimens examined represent a 
wide variety of forms and it does not seem advisable to try 
and speciate them.

Occurrence. The specimens examined are from unit 16 
(Lower Desmoinesian) at the Salt River Canyon and units 4, 
42, and 45 (Middle Desmoinesian) at Black River.



Family Staffellidae Miklukho-Maklay, 1949 
Genus NANKINELLA Lee, 1934 

Nankinella spp.
Fig. 16, nos. 11-13; Append. 1-4

Description. The ellipsoidal tests of 4 to 5 
volutions reach 0.60 mm in length and 1.26 mm in width. No 
specimens were preserved or cut well enough to observe the 
proloculi. The periphery is angular with a slightly umbil- 
icate axial area.

Discussion. The specimens examined were partially 
replaced by secondary mineralization that obscured the wall 
composition, the tunnel and the chomata. The angular 
periphery distinguishes Nankinella from all species of 
Staffella.

Occurrence. Nankinella is known from strata of 
Desmoinesian to Wolfcampian age in Texas (Thompson, 1948, 
p. 29). The specimens examined are from unit 8 (Desmoines
ian) at Black River, and units 23 and 26 (Middle Virgilian) 
at White River.
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Genus STAFFELLA Ozawa, 1925 
Staffella spp.

Fig. 17, nos. 1-4; Append. 1-5 
Description. Ellipsoidal tests of 4 to 5 volutions 

attain a length of 0.08 mm and a width of 1.40 mm. The 
proloculi range from 0.06 to 0.09 mm in outside diameter.
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The periphery is broadly rounded with a slightly umbilicate 
axial area. The wall is thick with a tectum, thin upper 
tectorium and a thicker lower layer. The tunnel is narrow 
and regular. Chomata are small and narrow.

Discussion. The specimens examined were badly 
replaced by secondary mineralization and species determina
tion was not possible.

Occurrence. Staffella is known to range in age from 
Atokan to Wolfcampian (Thompson, 1948, p. 30). The speci
mens examined are from unit 39 (Desmoinesian) at the Salt 
River Canyon, unit 51 (Desmoinesian) at Black River, and 
unit 23 (Lower Virgilian) at White River. Staffella spp. 
are very abundant in unit 39 at the Salt River Canyon.

Family Fusulinidae von Moller, 1878 
Subfamily Schubertellinae Skinner, 1931

Genus SCHUBERTELLA Staff and Wedekind, 1910 
Schubertella king! Dunbar and Skinner 

Fig. 17, no. 5; Append. 1-6
Schubertella king! DUNBAR and SKINNER, 1937, p. 610-611, 

pi. 45, figs. 10-15; SABINS and ROSS, 1963, p. 360- 
361, pi. 38, figs. 9-12; KAUFFMAN and ROTH, 1966, 
p. 6, pi. 1, figs. 1-4.

Description. The elongate fusiform tests of 5 
volutions attain 1.27 mm in length and 0.40 mm in width.
The small proloculi measure 0.03 mm in outside diameter.
The lateral slopes are straight, ending in sharply rounded 
poles. The inner volutions are coiled at a large angle to
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the outer volutions. The septa are straight across the 
chamber and exhibit slight fluting at the polar extremities. 
The wall is thin and uniform, consisting of a tectum and 
primatheca. The tunnel is regular in outer volutions and 
expands uniformly. The chomata are small and asymmetrical.

Discussion. Schubertella whetensis Ross and Tyrrell 
is more elongate than Sy king! Dunbar and Skinner. S. cisco- 
ensis Kauffman and Roth is less elongate with a wider tunnel 
and smaller chomata than Sy king!.

Occurrence. This species is known from the Wolfcamp 
of Texas (Dunbar and Skinner, 1937, p. 611). Sabins and 
Ross (1963, p. 361) state that the species is widespread in 
the western U. S. but is restricted to beds of Virgilian and 
Wolfcampian age. The specimens examined are from units 42 
and 48 at White River, where they are associated with 
Triticites bensonensis Ross and Tyrrell in unit 42 (Middle 
Virgilian) and T. cf. T. imperialis Kauffman and Roth and 
T. cf. T. creekensis Thompson (Upper Virgilian) in unit 48.

Subfamily Fusulininae von Moller, 1878
Genus PSEUDOSTAFFELLA Thompson, 1942

Pseudostaffella hollingsworthi (Thompson)
Fig. 17, nos. 6-7; Append. 1-7

Staffella hollingsworthi THOMPSON, 1935, p. 119, pi. 13, figs. 1-5.
Pseudostaffella hollingsworthi (Thompson). THOMPSON, 1942, 

p. 410, pi. 1, fig. 23; ALEXANDER, 1954, p. 17-18, 
pi. 1, figs. 1-2.
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Description. Subspherical tests of 3 to 4 volutions 

reach 0.83 mm in length and 0.53 mm in width. Subspherical 
proloculi measure 0.09 to 0.10 mm in outside diameter. The 
periphery is broadly rounded, ending in an umbilicate axial 
region. Inner volutions are coiled at a slight angle to the 
outer volutions. The septa are straight throughout the test. 
The three-layered wall consists of a tectum, upper tectorium 
and a primatheca. The narrow, irregular tunnel widens grad
ually and is bordered by high, massive, rounded chomata that 
extend into the polar area where they decrease in height.

Discussion. Pseudostaffella hollingsworthi (Thomp
son) has a larger proloculus and a more inflated periphery 
than P. atokensis (Thompson). P. cf. ]?. needhami (Thompson) 
is smaller, with a more erratically coiled juvenarium and a 
smaller proloculus.

Occurrence. The specimens examined are from unit 
27 at the Salt River Canyon and unit 42 at Black River, and 
are of Early to Middle Desmoinesian age.

Pseudostaffella cf. P. needhami Thompson 
Fig. 17, no. 8; Append. 1-8

Pseudostaffella needhami THOMPSON, 1942, p. 411-413, pi. 1, 
figs. 15-20, pi. 3, figs. 10-14; STEWART, 1970, p. 37, 
pi. 1, figs. 5-11.

Description. The small ellipsoidal test of 4 
volutions is 0.17 mm in length and 0.40 mm in width. The 
subspherical proloculus measures 0.04 mm in outside diameter.
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The rounded periphery ends in a slightly umbilicate axial 
region. The inner volutions are coiled at a high angle to 
the outer volutions. The septa are straight throughout the 
center of the chambers and are slightly fluted in the polar 
area. The three-layered wall has a tectum, upper tectorium, 
and a primatheca. The irregular tunnel is narrow and bor
dered by high, massive, rounded chomata that extend into the 
polar area.

Discussion. The single specimen examined was cut 
slightly oblique to the last volution of coiling and pre
sents a spiraled view of the specimen. It agrees with the 
description and illustration by Thompson of Pseudostaffella 
needhami but not enough material was present for positive 
identification. P. cf. P. needhami has a more highly errat
ically coiled juvenarium than P. atokensis (Thompson).

Occurrence. P. needhami is known from the Desmoin- 
esian of the Mud Springs Mountains, New Mexico (Thompson, 
1948, p. 80) and the Upper Atokan and Lower Desmoinesian of 
the Joyita Hills, New Mexico (Stewart, 1970, p. 37). Ross 
and Sabins (1965, p. 184) have tentatively identified the 
species from the Desmoinesian of southeastern Arizona, and 
Ross (1969, p. 1411) tentatively identified it from the 
Desmoinesian of the Gila Mountains, Arizona. The single 
specimen examined is from unit 57 (Desmoinesian) at the 
Salt River Canyon.
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Genus PLECTOFUSULINA Stewart, 1958 
Fleetofusulina franklinensis Stewart 

Fig. 17, no. 9; Append. 1-9
Plectofusulina franklinensis STEWART, 1958, p. 1056, pi. 132, 

figs. 1-10; STEWART, 1970, p. 37-38, pi. 2, figs. 16,
17, 19.

Description. Small, thickly fusiform to ovate tests 
of 2 1/2 to 3 volutions attain a length of 0.70 mm and a 
width of 0.40 mm. The subspherical proloculi range from 
0.08 to 0.09 mm in outside diameter. The lateral slopes are 
convex, ending in broadly rounded poles. The inner volution 
is oval and the test becomes more elongate in succeeding 
volutions. The coiling is plectogyroid with each volution 
coiling in a different plane. The septa are plane across 
the chambers with slight folding at the poles. The four
layered fusulinellid wall shows a distinct diaphanotheca in 
the outer volutions. The relatively broad tunnel is erratic 
due to the coiling. The massive, asymmetrical chomata may 
slightly overhang the tunnel.

Discussion. Plectofusulina rotunda Stewart is 
smaller, less elongate, with smaller chomata. P. sp. A is 
smaller than P. franklinensis. P. fusiformis Stewart is 
more elongate with a smaller proloculus.

Occurrence. This species is known to range from 
the Late Atokan into the Early Missourian in West Texas and 
New Mexico (Stewart, 1970, p. 38). The specimens examined 
are from units 4 and 43 (Desmoinesian) at Black River.
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Plectofusulina sp. A

Fig. 17, no. 10, fig. 18, no. 1 
Append. 1-10

Description. Thickly fusiform tests of 3 volutions 
attain 0.67 mm in length and 0.53 mm in width. The spheri
cal proloculi range from 0.06 to 0.10 mm in outside diameter. 
The lateral slopes are convex ending in broadly rounded 
poles. The test is loosely coiled. Septa are straight 
across the midplane of the chamber and slightly fluted at 
the poles. The wall is poorly developed with a diaphanothe- 
ca visible only in the last volution. The tectorial depos
its are relatively heavy. The irregular tunnel is bordered 
by small, symmetrical to slightly asymmetrical chomata.

Discussion. Plectofusulina sp. A has a more spheri
cal proloculus and smaller chomata than P. franklinensis 
Stewart and P. sp. B. The wall of £. sp. A is less well 
developed than in P. sp. B.

Occurrence. Plectofusulina sp. A occurs in units 
4, 42, and 43 (Desmoinesian) at Black River.

Plectofusulina sp. B 
Fig. 18, nos. 2-3; Append. 1-11

Description. The small oval tests of 3 to 4 volu
tions attain a length of 0.70 mm and a width of 0.60 mm.
The subspherical proloculi range from 0.07 to 0.10 mm in 
outside diameter. The lateral slopes are convex, ending in
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very rounded poles. The coiling is plectogyroid. The septa 
are fluted only slightly, in the polar extremities. The 
four-layered fusulinellid wall has a well developed diaphano- 
theca in the outermost volutions. The tectorial deposits 
are thin. The tunnel is narrow and expands gradually. The 
chomata are asymmetrical and extend to half the height of 
the chambers.

Discussion. P. sp. B resembles P_. rotunda Stewart, 
but has a larger proloculus and more asymmetrical chomata.
P. sp. A and B (see Reid, 1968, p. 64-66) are both more 
elongate fusiform. ]?. sp. B is thicker than most other 
species of Plectofusulina.

Occurrence. Plectofusulina sp. B was recovered 
from unit 10 (Desmoinesian) at the Salt River Canyon, and 
units 42 and 47 (Desmoinesian) at Black River.

Genus FRUMENTELLA Stewart, 1958 
Frumentella exempla Stewart 

Fig. 18, nos. 4-6; Append. 1-12
Frumentella exempla STEWART, 1958, p. 1056, pi. 133, figs.

1-10; STEWART, 1970, p. 44-45, pi. 4, figs. 11-19.
Description. Small fusiform tests of 4 1/2 volu

tions attain a length of 0.86 mm and a width of 0.40 mm.
The small proloculi range from 0.03 to 0.07 mm in outside 
diameter. The lateral slopes are convex, ending in round to 
slightly pointed poles. The inner volutions are coiled at a 
slight angle to the outer volutions. Expansion is uniform
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in all volutions except the last which may be vaulted. The 
septa are slightly fluted only near the poles. The three
layered wall is composed of a tectum, upper tectorium and 
primatheca. The upper tectorium is thin or absent across 
the central portion of the chamber. The slightly irregular 
tunnel expands slowly in consecutive chambers. The chomata 
are asymmetrical and flow toward the poles where they grade 
into light secondary deposits.

Discussion. Frumentella exempla Stewart resembles 
immature forms of the genus Wedekindellina, but is distin
guished by a three-layered wall and the erratically coiled 
juvenarium.

Occurrence. Frumentella exempla occurs in the 
Franklin Mountains (Stewart, 1958, p. 1056) in strata of 
Late Desmoinesian age; in strata of Middle and Late 
Desmoinesian age over much of New Mexico (Stewart, 1970, 
p. 40) from within the upper range of the genus Wedekin
dellina to the upper limit of the range of Beedeina. The 
specimens examined are from unit 27 (Middle Desmoinesian) 
at the Salt River Canyon and units 24, 45, and 47 (Desmoin
esian) at Black River.

Genus PROFUSULINELLA Rauser-Chernoussova and Beljaev, 1936
Profusulinella plummeri Skinner and Wilde

Fig. 18, nos. 7-8; Append. 1-13
Profusulinella plummeri SKINNER and WILDE, 1954, p. 796-797, 

pi. 95, figs. 1-6.
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Description. The fusiform test of 5 1/2 volutions 

measures 1.67 mm in length and 1.14 mm in width. The pro
loculus measures 0.10 mm in outside diameter. The lateral 
slopes are convex, ending in narrowly rounded poles. The 
shell expands uniformly in successive volutions. The septa 
are gently folded in the polar areas. The three-layered 
wall consists of a distinct tectum, a thin upper tectorium 
and a thick primatheca. The narrow tunnel widens gradually 
in outer volutions and is bordered by massive asymmetrical 
chomata that reach to three-fourths the heights of the 
chambers, with steep to overhanging tunnel slopes and low 
poleward slopes. The chomata are reduced in size in the 
last volution.

Discussion. Profusulinella plummeri Skinner and 
Wilde has less flowing chomata and is more elongate than 
P. spicata Thompson. £. cf. P. marblensis has more tightly 
coiled inner volutions and less massive chomata than P. 
plummeri.

Occurrence. P. plummeri is reported from the Central 
Mineral Uplift and the Hueco Mountains of Texas in strata of 
Atokan age. The single specimen examined is from unit 5 at 
the Salt River Canyon (Lower Desmoinesian) where it occurs 
with Fusulinella famula, Wedekindellina henbesti, and strong
ly abraded specimens of Fusulinella cf. F. oakensis, Beed- 
eina cf. 13. arizonensis, and B. hayensis ♦



Profusulinella cf. I\ marblensis Thompson
Fig. 18, nos. 9-10; Append. 1-14

Profusulinella marblensis THOMPSON, 1947, p. 162-163, pi. 31 
figs. 11, 12, pi. 32, figs. 1-10.

Description. Small inflated fusiform tests of 3 1/2 
to 4 volutions attain a length of 1.00 mm and a width of 
0.80 mm. The spherical proloculi range from 0.07 to 0.10 mm 
in outside diameter. The lateral slopes are convex, ending 
in rounded poles. The shell expands rapidly in the third 
and fourth volutions. The septa are unfluted across the 
center of the chambers and slightly fluted at the poles.
The three-layered wall is composed of a distinct tectum, 
upper tectorium and primatheca. The tunnel is narrow in 
inner volutions and widens in outer volutions. The massive 
asymmetrical chomata flow to the polar areas.

Discussion. The two specimens examined were strongly 
abraded and too few volutions remained for positive identi
fication. They agree closely with the description and 
illustrations of Thompson (1947, p. 162, 163). Profusulin
ella plummeri is more loosely coiled with steeper poleward 
slopes on chomata than P. cf. P. marblensis.

Occurrence. Profusulinella marblensis Thompson is 
known from the Llano Uplift of Texas in strata of Atokan age. 
The specimens examined were in units 20 and 62 (Desmoines- 
ian) of Black River. The specimens are abraded and were
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evidently eroded and redeposited. In unit 20 this species 
occurs with Beedeina girtyi, no other fusulinids were 
present in unit 62.
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Profusulinella sp. A 
Fig. 18, nos. 11-13; Append. 1-15

Description. Small fusiform tests of 3 to 4 volu
tions attain 0.87 mm in length and 0,60 mm in width. The 
spherical proloculi range from 0.07 to 0.09 mm in outside 
diameter. The lateral slopes are convex, tapering to round
ed poles. The volutions expand evenly and inner volutions 
may be coiled at a slight angle to the outer whorls. The 
septa are straight with slight folding at the extreme polar 
areas. The three-layered wall has a tectum and upper tec- 
torium and primatheca. The narrow tunnel is straight and 
bordered by heavy asymmetrical chomata that flow toward the 
poles with only a slight reduction in height.

Discussion. Profusulinella sp. A is smaller with 
heavier chomata than I\ plummeri and other species of 
Profusulinella.

Occurrence. This species occurs in unit 3 (Desmoin- 
esian) at the Salt River Canyon and in units 33, 43, 47, and 
70 (Desmoinesian) at Black River. At Black River this 
species occurs with Beedeina leei and B. cf. B. pristina in 
unit 33, with EL taoensis and Plectofusulina franklinensis 
in unit 43, with B. bowiensis, B. cf. B. girtyi, 13. cf. B.
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illinoisensis, Wedekindellina euthysepta, W. alveolata,
W. cf. W. ellipsoides, and Frumentella exempla in unit 42.

Genus FUSULINELLA Moller, 1877 
Fusulinella cf. F. alta Verville, Thompson, and Lokke 

Fig. 18, nos. 14-16; Append. 1-16
Fusulinella alta VERVILLE, THOMPSON and LOKKE, 1956, p.

1281-12'S37_pi. 134, figs. 1-12, pi. 135, figs. 7-10.
Description. Inflated fusiform tests of 6 1/2 to 7 

volutions attain a length of 3.50 mm and a width of 1.30 mm. 
The aspherical proloculi range from 0.07 to 0.10 mm in out
side diameter. The lateral slopes are convex in inner 
volutions becoming concave in outer volutions, and ending 
in sharply pointed poles. The shell expands evenly and 
more rapidly after the first three volutions. The septa 
are folded only in the extreme polar areas and undulate 
slightly across the chamber. The spirotheca of the inner 
volutions is composed of a tectum, diaphanotheca and an 
upper and lower tectorium. In the outer volutions the upper 
tectorium becomes very thin and may be absent. The slightly 
irregular tiinnel expands gradually from the first volution 
and is bordered by asymmetrical chomata that may overhang 
the tunnel. Secondary deposits may form light axial deposits.

Discussion. The specimens examined show affinities 
to both Fusulinella and Eowaeringella. The secondary axial 
deposits, the occasional lack of upper tectorium and the
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thick diaphanotheca of the outer volutions in characteristic 
of Eowaeringella. Since the upper tectorium is often thin, 
but is present in the last volutions of some specimens they 
are being referred to Fusulinella alta.

Occurrence. Fusulinella alta Verville, Thompson, 
and Lokke is known from Nevada (Verville, Thompson and Lokke, 
p . 1283) where it is associated with Beedeina weintzi 
Verville, Thompson and Lokke, and Bartramella bartrami 
Verville, Thompson and Lokke, and Fusulinella nevadaensis 
Verville, Thompson and Lokke. The specimens examined are 
from unit 21 (Desmoinesian) at the Salt River Canyon.

Fusulinella famula Thompson
Fig. 19, nos. 1-4; Append. 1-17

Fusulinella famula THOMPSON, 1948, d . 91-93, pi. 32, figs.
4, 5, pi. 38, figs. 1-8; ROSS and SABINS, 1965, p. 187, 
pi. 25, figs. 25-27; ROSS, 1969, p. 1412-1413, pi. 170, 
fig. 8, pi. 171, figs. 1-10.

Description. Thickly fusiform tests of 7 1/2 to 
8 1/2 volutions attain a length of 3.90 mm and a width of 
2.05 mm. The proloculi range from 0.10 to 0.13 mm in out
side diameter. The lateral slopes are convex in inner volu
tions, becoming concave in the outermost volutions, ending 
in rounded poles. The shell is tightly coiled, expanding 
gradually with growth. The septa are irregularly fluted in 
the polar areas in early volutions and across the central 
portion of the outer volution. The four-layered fusulin- 
ellid wall has a distinct diaphanotheca that is thickest



I

52
immediately above the tunnel. The lower tectorium is thin. 
The narrow tunnel is straight to slightly irregular and is 
bordered by asymmetrical chomata that become higher and may 
overhang the tunnel in outer volutions.

Discussion. Fusulinella famula Thompson has more 
asymmetrical chomata and less septal folding in the outer 
volutions than Beedeina arizonensis (Ross and Sabins). 
cf. F. oakensis (Ross and Sabins) is more elongate, has less 
massive chomata and is more loosely coiled than Fy famula.

Occurrence. This species is known from the Lower 
Desmoinesian of the Chiricahua Mountains (Ross and Sabins, 
1965, p. 187), from the Gila Mountains (Ross, 1969, p. 1413), 
and from Coolidge Dam (Reid, 1968, p. 72). The specimens 
examined were from units 4 and 5 (Desmoinesian) at the Salt 
River Canyon, and unit 8 (Desmoinesian) at Black River.

Fusulinella cf. F. oakensis Ross and Sabins 
Fig. 19, no. 5; Append. 1-18

Fusulinella oakensis ROSS and SABINS, 1965, p. 188, pi. 21,
” fig. 38, pi. 25, figs. 18-24; ROSS and TYRRELL, 1965, 

p. 625, pi. 75, figs. 26-28.
Description. The thickly fusiform test of 6 1/2 

volutions is 2.90 mm in length and 1.30 mm in width. The 
proloculus measures 0.10 mm in outside diameter. The 
lateral slopes are convex in inner volutions, becoming 
straight in the outer volutions, ending in rounded poles.
The shell expands uniformly with growth. The septal fluting
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is prominent near the poles and the septa undulate gently 
across the chamber in outer volutions. The four-layered 
fusulinellid wall is well developed in the outer volutions. 
The narrow irregular tunnel expands slowly and is bordered 
by massive asymmetrical chomata that flow to the poles in 
early volutions and overhang the tunnel in outer volutions.

Discussion. The single specimen examined was abrad
ed with the outermost volution gone and a positive identifi
cation is not possible. The specimen agrees closely with 
the description and illustration of Ross and Sabins (1965).

Occurrence. Fusulinella oakensis is known from the 
Chiricahua Mountains (Ross and Sabins, 1965, p. 188) , the 
Whetstone Mountains (Ross and Tyrrell, 1965, p. 625), and 
Superior (Reid, 1968, p. 74). This specimen is from unit 5 
(Desmoinesian) at the Salt River Canyon.

Genus PARAFUSULINELLA Stewart, 1970 
Parafusulinella sp. A 

Fig. 19, nos. 6-7; Append. 1-19 
Description. Elongate fusiform tests of 6 to 6 1/2 

volutions attain a length of 3.00 mm and a width of 1.03 mm. 
The small proloculi range from 0.05 to 0.07 mm in outside 
diameter. The lateral slopes are straight to irregular, 
ending in bluntly rounded poles. The juvenarium is coiled 
at an angle to the outer volutions. The shell expansion is 
uniform and becomes rapidly elongate after the second or
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third volution. The septal fluting is confined to the polar 
areas with some undulation across the chambers. The wall is 
composed of an upper tectorium, a tectum, a primatheca, and 
occasionally a denser lower layer that, when developed, is 
confined to immediately above the tunnel. The irregular 
tunnel widens slowly and is bordered by asymmetrical chomata 
that may overhang the tunnel. Chomata extend laterally to 
the poles with heavy secondary deposits in the axial regions.

Discussion. Parafusulinella propria Stewart is 
smaller with a smaller proloculus than P\ sp. A. Parafusu
linella mexicana Stewart lacks the flowing chomata and heavy 
axial deposits of £. sp. A. P. sp. A can be easily distin
guished from all species of Fusulinella and Wedekindellina 
by the presence of a three-layered wall, and the juvenarium 
coiled at an angle to later volutions.

Occurrence. Parafusulinella mexicana and P. propria, 
the only published species, are found in the Lower Desmoines- 
ian of New Mexico (Stewart, 1970, p. 52). The specimens of 
P. sp. A are from units 4 and 42 (Desmoinesian) at Black 
River.



Genus BEEDEINA Galloway, 1933 
emend. Ishii, 1957

Beedeina cf. B. arizonensis (Ross and Sabins)
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Fig. 19, nos. 8-10; Append. 1-20
Fusulina arizonensis ROSS and SABINS, 1965, p. 193, pi. 21, 

Fig."34, pi. 27, figs. 17-23; ROSS and TYRRELL, 1965, 
p. 626, pi. 75, figs. 20-25, 29, 30.

Beedeina arizonensis (Ross and Sabins). ROSS, 1969, p.
14157 Pi. 170, fig. 7, pi. 171, figs. 23-31.

Description. The shell is small, thickly fusiform, 
with bluntly pointed poles. Specimens of 5 to 6 volutions 
attain a length of 2.85 mm and a width of 1.50 mm. The 
small, spherical proloculi range from 0.10 to 0.15 mm in 
outside diameter. The four-layered fusulinellid wall has a 
thin inner tectorium and a slightly thicker outer tectorium. 
The lateral slopes are slightly concave to straight in inner 
volutions and gradually become convex in outer volutions.
The shell expands uniformly in inner volutions and becomes 
rapidly elongate in outer volutions. The septa are folded 
in the polar areas in early volutions and become moderately 
fluted across the chamber in outer volutions. The narrow, 
regular tunnel is bordered by massive, asymmetrical chomata 
in the early volutions that gradually become tabular in 
outer volutions.

Discussion. The specimens examined have a larger 
proloculus than the type specimens of B. arizonensis as 
described by Ross and Sabins (1965, p. 193) from the Dos 
Cabezas and Chiricahua Mountains, but agree closely in all
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other aspects. B. cf. B. arizonensis has more strongly 
folded septa and less massive chomata than Fusulinella 
famula Thompson and is more thickly fusiform than B. 
hayensis (Ross and Sabins). B. insolita (Thompson) has more 
strongly folded septa than IS. cf. B. arizonensis.

Occurrence. This species is found in the base of 
the Beedeina Concurrent Range Zone in the Dos Cabezas and 
Chiricahua Mountains (Ross and Sabins, 1965, p. 179) and the 
Gila Mountains (Ross, 1969, p. 1407) which marks the base of 
the Desmoinesian Stage. The species is also reported from 
the basal Desmoinesian of the Whetstone Mountains (Ross and 
Tyrrell, 1965, p. 626) ; the Lower Desmoinesian of the north
ern Dragoon Mountains (Micklin, 1969, p. 84); and from the 
Lower Desmoinesian at Superior, Coolidge Dam and the Water
man Mountains, Arizona (Reid, 1968, p. 79). The specimens 
examined are from units 4, 5, and 10 (Lower Desmoinesian) at 
the Salt River Canyon, with abraded specimens in unit 38 
(Desmoinesian) at the Salt River Canyon.

Beedeina bowiensis (Ross and Sabins)
Fig. 20, nos. 1-3; Append. 1-21

Fusulina bowiensis ROSS and SABINS, 1965, p. 194, pi. 28,
“  Figs. 20-27.

Description. Large fusiform tests of 7 1/2 to 8 
volutions attain a length of 6.30 mm and a width of 2.70 mm. 
The spherical, medium sized proloculi range from 0.10 to
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0.20 mm in outside diameter. The lateral slopes are slight
ly convex in inner volutions and may become slightly concave 
in outer volutions, ending in rounded poles. The shell 
expands uniformly with growth. The four-layered fusulinel- 
lid wall has a thick diaphanotheca and thick upper and lower 
tectoria, and the wall thins markedly toward the poles.
Septal folds extend across the chambers in all volutions, 
with the occasional exception of the central portions of the 
last volution, and reach nearly to the tops of the chambers. 
The tunnel is narrow, slightly irregular and widens slowly 
in inner volutions and more rapidly in outer volutions.
High, massive, symmetrical chomata often thicken edges of 
septa and overhang the tunnel in outer volutions. Where 
this occurs the chomata are a little lighter and more 
irregular in outline. Secondary deposits coat septal folds 
adjacent to the tunnel and may completely fill septal loops.

Discussion. Beedeina bowiensis (Ross and Sabins) is 
more thickly fusiform than B. sulphurensis (Ross and Sabins), 
B. leei (Skinner), or B. portalensis (Ross and Sabins), and 
has symmetrical chomata in early volutions as opposed to the 
asymmetrical chomata of B. portalensis (Ross and Sabins).

Occurrence. Beedeina bowiensis is known from the 
upper part of the Wedekindellina euthysepta Concurrent Range 
Subzone in southeastern Arizona (Ross and Sabins, 1965, p. 
177, fig. 3). It is reported in rocks of Middle Desmoinesian
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age at Coolidge Dam and at Winkelman, Arizona (Reid, 1968, 
p. 81), and in strata of Desmoinesian age in the Gunnison 
Hills (Estes, 1968, p . 81). The specimens examined are from 
units 45, 57, and 65 (Middle Desmoinesian) at the Salt River 
Canyon and from units 35, 45, 47, and 48 (Desmoinesian) at 
Black River.

Beedeina cf. B. bowiensis (Ross and Sabins)
Fig. 20, no. 4; Append. 1-22

Description. Large fusiform tests of 6 to 6 1/2 
volutions measure up to 5.30 mm in length and 2.10 mm in 
width. The spherical, medium sized proloculi range from 
0.10 to 0.25 mm in outside diameter. The lateral slopes 
are convex in inner volutions becoming straight to concave 
in outer volutions, ending in rounded poles. Septal folds 
extend across the chambers and attain half the chamber 
height. The four-layered fusulinellid walls have moderately 
thick diaphanotheca and tectoria. The wall thins slightly 
toward the poles. The tunnel is slightly irregular and ex
pands slowly in inner volutions and more rapidly in outer 
volutions. Massive asymmetrical chomata often thicken edges 
of septa and overhang the tunnel. Secondary deposits coat 
the septal folds adjacent to the tunnel.

Discussion. The specimens examined consist in part 
of immature forms with too few volutions to make specific
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identification definite. The larger specimens examined have 
thinner tectorial deposits than 13. bowiensis and the wall 
does not thin toward the poles as markedly as in the type 
specimens illustrated by Ross and Sabins. Also, the second
ary coating on septal folds adjacent to the tunnel are 
lighter than in B. bowiensis. In all other aspects they 
agree closely with the description and illustrations of Ross 
and Sabins (1965, p. 194) .

Occurrence. The specimens examined are from unit 
65 (Middle Desmoinesian) at the Salt River Canyon, and units 
16, 45, 47, and 52 (Desmoinesian) at Black River.

Beedeina cf. 13. cedarensis (Ross and Sabins)
Fig. 20, nos. 5-6; Append. 1-23

Fusulina cedarensis ROSS and SABINS, 1965, p. 193, pi. 27, 
figs. 24-26.

Description. Small fusiform tests of 4 1/2 to 5 
volutions measure 2.50 mm in length and 1.07 mm in width.
The spherical proloculi measure 0.10 mm in outside diameter. 
The lateral slopes are straight to slightly concave, ending 
in rounded poles. The shell expands uniformly with growth. 
Septal folds are restricted to the poles in early volutions 
and extend across the chambers in outer volutions. The 
four-layered fusulinellid wall has a thick outer tectorium. 
The slightly irregular tunnel increases gradually in width 
and is bordered by massive symmetrical chomata that overhang
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the tunnel in outer volutions. Secondary deposits may coat 
septal folds near the tunnel.

Discussion. Beedeina cf. B. cedarensis is smaller, 
with fewer volutions than B. cedarensis as described by Ross 
and Sabins (1965, p. 193), but in all other aspects it 
agrees closely with their description and illustrations.
B. cf. B. cedarensis is more elongate than B. arizonensis 
(Ross and Sabins), and B. hayensis (Ross and Sabins). B. 
rockymontana (Roth and Skinner) and B. leei (Skinner) are 
more thickly fusiform with more strongly folded septa than 
B. cf. 13. cedarensis.

Occurrence♦ Beedeina cedarensis is known from the 
Wedekindellina euthysepta Concurrent Range Subzone in the 
Chiricahua and Dos Cabezas Mountains (Ross and Sabins, 1965, 
p. 177), from the Lower Desmoinesian of the Gunnison Hills 
(Estes, 1968, p. 83), and B. cf. By cedarensis is present in 
the Desmoinesian of the northern Dragoon Mountains (Micklin, 
1969, p. 87). The specimens examined are from unit 38 
(Desmoinesian) at the Salt River Canyon, and unit 18 (Des
moinesian) at Black River.
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Fig. 20, nos. 7-9; Append. 1-24
Fusulinella meeki DUNBAR and CONDRA, 1927, p. 78-80, pi. 15, 

figs. 4-6, pi. 2, figs. 12-14 (homonym of Fusulina 
meeki Holier, 1879).

Fusulina euryteines THOMPSON, 1934, p. 310-313, pi. 22, 
figs. 4, 13, 14, and 18.

Description. The thickly fusiform tests of 6 to 
6 1/2 volutions measure 4.50 mm in length and 2.10 mm 
in width. The spherical proloculi range from 0.10 to 6.15 
mm in outside diameter. The lateral slopes are straight to 
slightly concave in all volutions and end in rounded poles. 
The shell is more tightly coiled in inner volutions and 
expands markedly in the outer one or two volutions. Septal 
fluting is moderate throughout the chambers and the folds 
often reach the tops of the chambers. The four-layered 
fusulinellid wall has a thicker upper tectorium in some 
specimens. The narrow, regular tunnel widens gradually and 
is bordered by large chomata that are asymmetrical in early 
volutions and become more tabular in outer volutions where 
they may thicken the edges of septa and overhang the tunnel. 
Secondary deposits may coat septa adjacent to the tunnel.

Discussion. Beedeina euryteines has less intense 
septal fluting and more massive chomata than Beedeina 
haworthi (Beede) and is slightly smaller and more thickly 
fusiform than B. rockymontana (Roth and Skinner). B. 
arizonensis (Ross and Sabins) has less septal fluting.

Beedeina euryteines (Thompson)
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Occurrence. This species has been found near the 

base of the Desmoinesian in the Gila Mountains (Ross, 1969, 
p. 1417), in the southern Dripping Springs Mountains (Wells, 
1965, p. 56), in the northern Dragoon Mountains (Micklin, 
1969, p. 90), and from Superior, Coolidge Dam and Winkelman, 
Arizona (Reid, 1968, p. 83). The specimens examined are 
from unit 13 (Desmoinesian) at Black River.

Beedeina girtyi (Dunbar and Condra)
Fig. 21, nos. 1-2; Append. 1-25

Fusulina ventricosa MEEK and WORTHEN, 1873, p. 560, pi. 24, 
figsl 82 and 61 (non Fusulina ventricosa Meek and 
Hayden, 1858) .

Girtyina ventricosa STAFF, 1912, p. 164, pi. 18, figs. 2, 5, 
and 7.

Fusulinella girtyi DUNBAR and CONDRA, 1927, p. 76-78, pi. 2, 
figs. 1-5.

Beedeina girtyi GALLOWAY, 1933, p. 401, pi. 36, fig. 7. 
Fusulina girtyi (Dunbar and Condra). THOMPSON, 1934, p. 

314-316, pi. 22, figs. 1, 5, 7, and 20; DUNBAR and 
HENBEST, 1942, p. 115-119, pi. 11, figs. 1-17, pi. 12, 
figs. 2-8, 10-11.

Beedeina girtyi (Dunbar and Condra). ISHII, 1957, p. 655; 
ISHII, 1958, p. 39; STEWART, 1968, p. 5-6.

Description. Medium sized, highly inflated, fusi
form tests of 6 to 6 1/2 volutions attain 3.70 mm in length 
and 2.40 mm in width. The spherical proloculi range from 
0.14 to 0.21 mm in outside diameter. The lateral slopes are 
straight to slightly concave, ending in subacutely rounded 
to slightly inflated poles. The test is uniformly coiled in 
all stages of growth. The septa are strongly folded across 
the chambers with folds often reaching the tops of the
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chambers. The four-layered fusulinellid wall has a promi
nent tectum and heavy tectorial deposits. The tunnel is 
very narrow and expands only slightly in outer volutions.
The chomata are very massive, slightly asymmetrical in inner 
volutions, becoming tabular in outer volutions and thicken
ing the edges of septa to produce overhanging chomata.
Heavy secondary coating on septa adjacent to the tunnel 
frequently completely fill the septal loops.

Discussion. Beedeina tumida (Alexander) resembles 
B. girtyi, but is larger, with a narrower tunnel. B. nova- 
mexicana (Needham) is longer, with lighter secondary depos
its on the septa. B. plena (Alexander) is larger and more 
elongate fusiform.

Occurrence. This species is known from strata of 
Middle Desmoinesian age in Illinois and Kansas (Dunbar and 
Condra, 1927, p. 78), Oklahoma (Alexander, 1954, p. 30), and 
Iowa (Thompson, 1934, p. 316). Dunbar and Henbest (1942, 
p. 30) used this species as the basis for the B. girtyi 
Concurrent Range Subzone which is now accepted over much of 
the central and southwestern U. S. The specimens examined 
are from units 10 and 20 (Middle Desmoinesian) at Black 
River.
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Fig. 21, no. 3; Append. 1-26
Description. Highly inflated fusiform tests of 7 

volutions reach 3.00 mm in length and 2.00 mm in width. The 
spherical proloculi measure 0.14 mm in outside diameter.
The lateral slopes are concave to convex, ending in rounded 
poles. The test expands uniformly with growth. The four
layered fusulinellid wall has tectorial deposits of about 
equal thickness. The tunnel is slightly irregular, narrow, 
and expands slightly in the outer volutions. The chomata 
are massive, asymmetrical in the inner two volutions, 
becoming symmetrical in outer volutions and thickening 
septal edges over the tunnel. There are heavy secondary 
coatings on the septa adjacent to the tunnel.

Discussion. B. cf. B. girtyi is more elongate in 
early volutions than B. girtyi but agrees in all other 
respects with the description and illustrations of Dunbar 
and Condra.

Occurrence. B. cf. B. girtyi occurs in unit 57 
(Middle Desmoinesian) of the Salt River Canyon, and unit 
47 (Middle Desmoinesian) of Black River.

Beedeina cf. B. girtyi (Dunbar and Condra)
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Fig. 21, nos. 4-5; Append. 1-27 
Girtyina haworthi BEEDE, 1916, p. 14.
Fusulina haworthi (Beede). WHITE, 1932, p. 26, pi. 1, figs. 

T1!); ROSS and SABINS, 1965, p. 192, pi. 25, figs. 1-8, 
9?, 10?

Description. Thickly fusiform tests of 6 1/2 to 7 
volutions reach 3.90 mm in length and 2.00 mm in diameter. 
The spherical proloculi range from 0.11 to 0.17 mm in out
side diameter. The lateral slopes are nearly straight and 
may become slightly concave in the outer one or two volu
tions, ending in small rounded poles. The inner volutions 
are more tightly coiled than the outer volutions. The septa 
are folded all across the chambers into high, narrow folds 
that commonly reach the tops of the chambers. The four
layered fusulinellid wall has upper and lower tectoria of . 
equal thickness and may thin slightly toward the poles. The 
tunnel is narrow in inner volutions and gradually widens in 
outer volutions. Chomata are symmetrical, massive and high 
sometimes reaching the tops of the chambers and overhanging 
the tunnel. Secondary deposits coat septa adjacent to the 
tunnel.

Discussion. The specimens examined are less elon
gate than B. haworthi but agree in all other aspects as des
cribed and illustrated by Ross and Sabins (1965, p. 192). 
Beedeina gi'rtyi is more thickly fusiform than B. cf. B.

Beedeina cf. IB. haworthi (Beede)
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haworthi, B. novamexicana has thicker walls and B. bowiensis 
is larger than cf. B. haworthi.

Occurrence. Beedeina haworthi is found in the 
Desmoinesian of the Chiricahua Mountains (Ross and Sabins, 
1965, p . 192), the Gunnison Hills (Estes, 1968, p. 88), 
Coolidge Dam and the Waterman Mountains (Reid, 1968, p. 85). 
The specimens examined are from units 16, 38, 44, and 64 
(Desmoinesian) at the Salt River Canyon and unit 16 (Middle 
Desmoinesian) at Black River.

Beedeina hayensis (Ross and Sabins)
Fig. 21, nos. 6-7; Append. 1-28

Fusulina hayensis ROSS and SABINS, 1965, p. 192-193, pi. 27, 
figs. 9-16.

Description. Thickly fusiform tests of 7 1/2 to 8 
volutions reach 4.00 mm in length and 1.90 mm in width. The 
spherical proloculi range from 0.10 to 0.16 mm in outside 
diameter. The lateral slopes are straight, ending in blunt
ly rounded poles. The shell expands uniformly with growth. 
The four-layered fusulinellid wall has an upper tectorium, 
diaphanotheca, and lower tectorium of about equal thickness. 
The septa are folded near the poles in early volutions and 
gently folded across the chambers in the outer volutions.
The narrow tunnel expands gradually and is bordered by 
massive asymmetrical chomata in inner volutions that become 
tabular in outer volutions and may overhang the tunnel.
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Discussion. Fusulinella famula Thompson is thicker, 

has more asymmetrical chomata and less strongly folded septa 
than B. hayensis. B. hayensis is less thickly fusiform than 
B. arizonensis (Ross and Sabins) and has more gently folded 
septa than B. taosensis (Needham).

Occurrence. This species is known from the Lower 
Desmoinesian of the Dos Cabezas and Chiricahua Mountains 
(Ross and Sabins, 1965, p. 193), the Gunnison Hills (Estes, 
1968, p. 90), Superior, Coolidge Dam and Winkelman (Reid,
1968, p. 85), and the northern Dragoon Mountains (Micklin,
1969, p. 91). The specimens examined are from units 4, 5, 
and 10 (Lower Desmoinesian) at the Salt River Canyon.

Beedeina cf. B. illinoisensis (Dunbar and Henbest)
Fig. 22, no. 1; Append. 1-29

Fusulina illinoisensis DUNBAR and HENBEST, 1942, p. 118-119, 
pi. 11, figs. 18-30, pi. 12, fig. 9, pi. 13, figs.
1-12.

Description. Inflated fusiform tests of 6 1/2 
volutions attain 4.00 mm in length and 2.00 mm in width.
The spherical proloculi range from 0.12 to 0.16 mm in out
side diameter. The lateral slopes are straight in early 
volutions, becoming concave in outer volutions, ending in 
small, narrowly rounded poles. The shell expands uniformly 
with growth. The septa are strongly fluted across the 
chambers in all volutions. The four-layered fusulinellid
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wall has a thick upper tectorium. The narrow tunnel gradu
ally widens in outer volutions with high massive chomata 
that are symmetrical and overhang the tunnel where they 
thicken edges of septa. Secondary deposits are heavy in the 
inner volutions and nearly fill the chambers in places. In 
the outer volutions secondary deposits are lighter, but fill 
septal loops adjacent to the tunnel.

Discussion. The specimens examined agree closely 
with Beedeina illinoisensis as described and illustrated by 
Dunbar and Henbest, but are too few in number and of too few 
volutions for definitive species designation. B. illinois
ensis is more slender than B. girtyi (Dunbar and Condra) and 
is more inflated and fusiform than 13. haworthi (Beede) .
By tumida (Alexander) is larger with a larger proloculus.

Occurrence. This species was described from the 
Middle Desmoinesian of Illinois in association with B. 
girtyi and B. haworthi (Dunbar and Henbest, 1942, p. 119). 
Estes (1968, p. 92) also reports a B. cf. 13. illinoisensis 
from the Middle or Upper Desmoinesian of the Gunnison Hills. 
The specimens examined are from unit 47 (Middle Desmoin
esian) at Black River.

Beedeina insolita (Thompson)
Fig. 22, nos. 2-4; Append. 1-30

Fusulina? insolita THOMPSON, 1948, p. 96, pi. 38, figs. 9-13. 
Beedeina insolita (Thompson). ISHII, 1958, p. 41; STEWART, 

1970, p. 44-45, pi. 4, figs. 11-19.
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Description. Small, slightly inflated fusiform 

tests of 7 to 8 volutions reach 3.10 mm in length and 2.00 
mm in width. The small spherical proloculi range from 0.08 
to 0.10 mm in outside diameter. The lateral slopes in all 
volutions are straight to slightly convex, ending in small 
rounded poles. The shell expands uniformly with growth.
The septa are strongly fluted at the poles and broadly 
fluted across the central parts of the chambers. The four
layered fusulinellid wall is well developed in outer volu
tions. The slightly irregular tunnel widens gradually in 
outer volutions. The high, narrow chomata are asymmetrical 
with low poleward slopes in the inner volutions and become 
symmetrical in the outer volutions and may overhang the 
tunnel.

Discussion. Fusulinella famula Thompson has more 
massive chomata that are asymmetrical in all volutions as 
opposed to the lighter symmetrical chomata in the outer 
volutions of B. insolita. B. cf. B. arizonensis (Ross and 
Sabins) is smaller with less septal fluting.

Occurrence. Beedeina insolita occurs in the Lower 
Desmoinesian of southern New Mexico (Thompson, 1948, p. 97) 
and in the Joyita Hills, central New Mexico (Stewart, 1970, 
p. 45). The specimens examined are from unit 4 (Lower 
Desmoinesian) at the Salt River Canyon.
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Fig. 22, no. 5; Append. 1-31
Fusulina knighti DUNBAR and HENBEST, 1942, p. 112-113, pi.

57" figs. 14-21.
Beedeina knighti (Dunbar and Henbest). ISHII, 1958, p. 41.

Description. Elongate fusiform tests of 5 1/2 volu
tions attain a length of 3.95 mm and a width of 1.30 mm.
The spherical proloculi range from 0.13 to 0.16 mm in out
side diameter. The lateral slopes are straight, ending in 
sharply rounded poles. The coiling is uniform throughout 
the test, becoming rapidly elongate after the first volu
tion. Septal fluting is intense, with evenly spaced loops 
across all the chambers. The four-layered fusulinellid wall 
has a thin inner tectorium and a thick outer tectorium. The 
regular tunnel widens gradually from the innermost volutions 
outward. The chomata are narrow, symmetrical, and of about 
the same height and width as the septal loops adjacent to 
them. Secondary deposits coat septal loops adjacent to the 
tunnel and all across the chambers.

Discussion. Beedeina leei (Skinner) has more mas
sive chomata, less septal fluting, and lighter secondary 
deposits than B. knighti. B. sp. A has a smaller proloc
ulus and much more tabular, massive chomata.

Occurrence. This species has been reported from the 
Desmoinesian in the Salt River Canyon and Spring Canyon

Beedeina knighti (Dunbar and Henbest)



(Horvath, 1960, p . 41). The specimens examined are from 
unit 63 (Middle Desmoinesian) at Black River.

Beedeina leei (Skinner)
Fig. 22, nos. 6-8; Append. 1-32

Fusulina leei SKINNER, 1931, n. 257-258, pi. 30, figs. 4, 6; 
CASSITY and LANGENHEIM, 1966, p. 944, pi. Ill, figs.
8-13.

Beedeina leei (Skinner). ISHII, 1958, p. 41; ROSS, 1969, 
p. 1416, pi. 172, figs. 19-28, 12-15 and 35?

Description. Slender fusiform tests of 6 to 7 volu
tions attain a length of 4.50 mm and a width of 2.10 mm.
The spherical proloculi range from 0.10 to 0.15 mm in out
side diameter. The lateral slopes are straight to slightly 
convex ending in subacutely pointed poles. The test is 
coiled tightly in inner volutions and expands uniformly in 
outer volutions. The septa are strongly folded from pole 
to pole with septal loops reaching nearly to the tops of 
the chambers. The four-layered fusulinellid wall is thin 
with upper and lower tectoria of equal thickness. The 
tunnel is narrow in inner volutions and widens more rapidly 
in outer volutions. The massive chomata are symmetrical in 
all but the first one or two volutions where they may be 
slightly asymmetrical. Secondary deposits coat septa 
adjacent to the tunnel.

Discussion. Beedeina leei (Skinner) resembles B. 
rockymontana (Roth and Skinner), but is more elongate with 
a thinner wall and less intensely folded septa.

71
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Occurrence. Beedeina leei occurs in the Lower Des- 

moinesian of the Whetstone Mountains (Ross and Tyrrell,
1965, p . 627), from the Desmoinesian of the Gila Mountains 
(Ross, 1969, p. 1417), the Gunnison Hills (Estes, 1968, p. 
95), Superior and Coolidge Dam (Reid, 1968, p. 88), and from 
the Dragoon Mountains (Micklin, 1969, p. 93). The speci
mens examined are from units 10 and 64 (Lower and Middle 
Desmoinesian) at the Salt River Canyon, and units 24, 33, 
and 42 (Middle Desmoinesian) at Black River.

Beedeina novamexicana (Needham)
Fig. 22, no. 9, Fig. 23, nos. 1-2 

Append. 1-33
Fusulina novamexicana NEEDHAM, 1937, p. 23-25, pi. 2, 

figs. 11-15; ROSS and SABINS, 1965, p. 191-192, 
pi. 28, figs. 16-19.

Description. The thickly fusiform tests of 7 to 8 
volutions reach 5.00 mm in length and 2.60 mm in width.
The spherical proloculi range from 0.14 to 0.19 mm in out
side diameter. The lateral slopes are straight to concave 
in inner volutions and commonly slightly convex in outer 
volutions, ending in rounded poles. The test is more 
tightly coiled in the inner volutions. The septa are 
strongly folded throughout the test and attain at least 
half the height of the chamber, frequently reaching the 
tops of the chambers. The four-layered fusulinellid wall 
is well developed with a distinct diaphanotheca and may
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have very heavy tectorial deposits. The narrow, regular 
tunnel expands only slightly in the inner volutions and only 
slightly more rapidly in the outer volutions. It is border
ed by high, massive, symmetrical chomata that frequently 
thicken septa in the outer volutions and overhang the tunnel. 
Septal loops adjacent to the tunnel are frequently coated 
with secondary deposits and may be completely filled.

Discussion. Beedeina novamexicana (Needham) is 
smaller than B. bowiensis (Ross and Sabins) and larger than 
B. girtyi (Dunbar and Condra). B. illinoisensis (Dunbar and 
Henbest) is more ventricose with more prominent poles and 
B. tumida (Alexander) is larger and thicker than B. nova
mexicana.

Occurrence. This species has been reported from 
the Desmoinesian of the Chiricahua Mountains (Ross and 
Sabins, 1965, p. 191) and Fusulina novamexicana? has been 
reported from the Whetstone Mountains (Ross and Tyrrell,
1965, p. 627). The specimens examined are from units 16 
and 45 (Middle Desmoinesian) at Black River.

Beedeina cf. By novamexicana (Needham)
Fig. 23, nos. 3-5; Append. 1-34

Description. Thickly fusiform tests of 6 1/2 to 7 
volutions attain a length of 4.10 mm and a width of 2.10 mm. 
The spherical proloculi range from 0.10 to 0.16 mm in
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outside diameter. The lateral slopes are straight to slight
ly convex in all volutions, ending in rounded poles. The 
test is more tightly coiled in the inner volutions. The 
septa are strongly folded throughout the test with folds 
reaching to the tops of the chambers. The four-layered 
fusulinellid wall has heavy tectorial deposits. The narrow 
tunnel expands slowly in the inner volutions and a little 
more rapidly in the outer volutions. The high, massive cho- 
mata are symmetrical in all volutions and may overhang the 
tunnel in outer volutions. Heavy secondary deposits coat 
the septa in inner volutions and the septa adjacent to the 
tunnel in outer volutions.

Discussion. Beedeina cf. B. novamexicana (Needham) 
is smaller with fewer volutions than By novamexicana and 
has much heavier secondary deposits in the inner volutions.

Occurrence. The specimens examined are from units 
35 and 48 {Middle Desmoinesian) at Black River.

Beedeina pattoni (Needham)
Fig. 23, nos. 6-7: Append. 1-35

Fusulina pattoni NEEDHAM, 1937, p. 26-27, pi. 3, figs. 3-5;
ROSS and TYRRELL, 1965, p. 625-626, pi. 75, figs. 3-5. 

Beedeina pattoni (Needham). STEWART, 1970, p. 47-48, pi. 5, 
figs. 12-14, 16-19.

Description. Small fusiform tests of 4 1/2 to 5 vol
utions attain a length of 1.70 mm and a width of 0.80 mm.
The small spherical proloculi range from 0.08 to 0.10 mm in
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outside diameter. The lateral slopes are straight ending in 
rounded poles. The shell expands uniformly with growth.
The septa are strongly folded near the poles in early volu
tions and moderately folded across the midplane in outer 
volutions. The four-layered fusulinellid wall has a thick 
diaphanotheca. The tunnel is slightly irregular in inner 
volutions and widens gradually in outer volutions. The 
chomata are large and may be slightly asymmetrical in the 
inner two volutions, rapidly becoming symmetrical in the 
outer volutions.

Discussion. The specimens examined are badly abrad
ed with the outermost volution gone, but agree with the 
description and illustrations of Needham (1937, p. 36-37). 
Beedeina taoensis (Needham) has a larger proloculus and 
stronger septal fluting than B. pattoni, and B. leei 
(Skinner) is more elongate with more regular fluting.

Occurrence. Beedeina pattoni is known from the 
Lower Desmoinesian of the Whetstone Mountains (Ross and 
Tyrrell, 1965, p. 626). The specimens examined were from 
unit 16 (Middle Desmoinesian) at the Salt River Canyon, and 
unit 18 (Middle Desmoinesian) at Black River.
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Beedeina plena (Alexander)
Fig. 23, no. 9; Append. 1-36

Fusulina plena ALEXANDER, 1954, p. 41-43, pi. 4, figs. 5-8.
Description. The large, gibbous test of 9 volutions 

measures 6.00 mm in length and 3.20 mm in width. The 
spherical proloculus measures 0.18 mm in outside diameter.
The lateral slopes are straight, ending in small rounded 
poles. In outer volutions, chambers are lowest above the 
tunnel and higher at the poles, rapidly increasing the 
length of the test. The septal fluting is strong throughout 
the test and reaches three-fourths the height of the cham
bers. The four-layered fusulinellid wall is well developed 
with upper tectorium, diaphanotheca, and lower tectorium of 
about equal thickness. The narrow tunnel is slightly irreg
ular and expands only slightly in inner volutions and slowly 
in outer volutions. The massive, symmetrical chomata thick
en the edges of the septa, and overhang the tunnel. Heavy 
secondary deposits fill in septal loops in inner volutions 
and coat the septa adjacent to the tunnel in outer volutions.

Discussion. Beedeina plena (Alexander) resembles 
B . tumida (Alexander), but is less ventricose and larger, 
with heavier deposits in the inner volutions. IS. bowiensis 
(Ross and Sabins) is less gibbous, has markedly lighter 
secondary deposits. B. plena is larger than B. illinois- 
ensis (Dunbar and Henbest).
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Occurrence. B. plena is reported from the Desmoin- 

esian of northeastern Oklahoma (Alexander, 1954, p . 43) .
The single specimen examined is from unit 41 (Middle Des- 
moinesian) at the Salt River Canyon.

Beedeina portalensis (Ross and Sabins)
Fig. 24, nos. 1-2; Append. 1-37

Fusulina portalensis ROSS and SABINS, 1965, p. 193-194, pi.
21, fig. 31, pi. 25, figs. 11-17.

Description. Fusiform tests of 5 1/2 to 6 1/2 volu
tions reach 4.00 mm in length and 2.00 mm in width. The 
spherical proloculi measure 0.15 mm in outside diameter.
The lateral slopes are straight and taper to small, rounded 
poles. The shell expands uniformly with growth. The septa 
are strongly folded in the polar regions and less intensely 
folded across the centers of the chambers, reaching three- 
fourths the height of the chamber. The four-layered fusu- 
linellid wall has a thick upper tectorium. The narrow 
tunnel expands gradually and is bordered by asymmetrical 
chomata that become more massive and symmetrical in outer 
volutions.

Discussion. Beedeina leei (Skinner) is smaller 
than B . portalensis (Ross and Sabins), and B. rockymontana 
(Roth and Skinner) has more massive symmetrical chomata 
than B . portalensis. B. arizonensis (Ross and Sabins)
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and B. hayensis (Ross and Sabins) are smaller with less 
septal fluting.

Occurrence. This species is known from the Lower 
Desmoinesian of the Dos Cabezas and Chiricahua Mountains 
(Ross and Sabins, 1965, p. 194) , the Lower Desmoinesian at 
Coolidge Dam and the Salt River Canyon (Reid, 1968, p. 89), 
and the Gunnison Hills (Estes, 1968, p . 107). The specimens 
examined are from unit 16 (Middle Desmoinesian) at the Salt 
River Canyon, and unit 16 (Middle Desmoinesian) at Black 
River.

Beedeina cf. B. pristina (Thompson)
Fig. 24, nos. 3-4; Append. 1-38

Fusulina pristina THOMPSON, 1945, p. 61-62, pi. 5, figs. 7- 
18; ROSS and SABINS, 1965, p. 192, pi. 28, figs. 11-15. 

Beedeina pristina (Thompson). STEWART, 1970, p. 45-46, 
pi. 5, figs. 1-3, 5, and 6.

Description. Thickly fusiform tests of 5 to 5 1/2 
volutions attain 3.30 mm in length and 1.50 mm in width.
The spherical proloculi range from 0.11 to 0.15 mm in out
side diameter. The lateral slopes are convex, ending in 
bluntly rounded poles. The shell is uniformly coiled 
throughout growth. Septal fluting is strong at the poles 
with moderate fluting across the chambers. The septal loops 
are low and irregular. The four-layered fusulinellid wall 
is well developed with upper and lower tectoria of about 
equal thickness. The narrow, slightly irregular tunnel
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widens uniformly. The small chomata are asymmetrical in 
innermost volutions and become symmetrical in the outer 
volutions. The chomata may be small or absent in the last 
half volution. Light secondary deposits may be present on 
septa adjacent to the tunnel.

Discussion. The specimens examined are larger with 
less massive chomata and a larger proloculus than the type 
specimens described and illustrated by Thompson. They agree 
with the prolocular dimensions and chomata development and 
fluting as described and illustrated by Ross and Sabins 
(1965, p. 192), but are slightly larger than B. pristina as 
described by them. B. pattoni (Needham) is more elongate 
with more massive chomata.

Occurrence. This species is known from the Dos 
Cabezas and Chiricahua Mountains (Ross and Sabins, 1965, p. 
192). The specimens examined are from unit 38 (Middle Des- 
moinesian) at the Salt River Canyon and unit 33 (Middle 
Desmoinesian) at Black River.

'Beetle in a rockymontana (Roth and Skinner)
Fig. 24, nos. 5-7; Append. 1-30

Fusulina rockymontana ROTH and SKINNER, 1930, p. 344-345, 
pTT 31, figs. 4-6; ROSS and TYRRELL, 1965, p. 627, 
pi. 76, figs. 8-10.

Beedeina rockymontana (Roth and Skinner). ROSS, 1969, 
p. 1416, pi. 170, figs. 1-6, pi. 172, figs. 16-18.

Description. Fusiform tests of 6 to 6 1/2 volu
tions attain a length of 5.50 mm and a width of 2,20 mm.



80
The spherical proloculi range from 0.11 to 0.15 mm in out
side diameter. The lateral slopes are straight, tapering to 
rounded poles. Early volutions are more tightly coiled than 
outer volutions. The septa are strongly fluted throughout 
the test, with septal loops often reaching the tops of the 
chambers. The four-layered fusulinellid wall has a thin 
diaphanotheca with thick upper and lower tectoria. The nar
row, slightly irregular tunnel widens gradually in succes
sive volutions, and is bordered by massive chomata that are 
asymmetrical in the inner volutions and become progressively 
higher and more tabular in the outer volutions, and may coat 
septa over the tunnel to produce overhanging chomata. 
Secondary deposits may coat septa adjacent to the tunnel.

Discussion. Beedeina leei (Skinner) is more elon
gate with a thinner wall and less fluting than B. rocky- 
montana. B. rockymontana has more tabular chomata and is 
smaller than B. portalensis (Ross and Sabins).

Occurrence. This species is known from the Desmoin- 
esian of the Gila Mountains (Ross, 1969, p. 1416), the 
Whetstone Mountains (Ross and Tyrrell, 1965, p. 627), the 
Mogollon Rim, Big Springs Canyon (Brew, 1965, p. 193), the 
Salt River Canyon (Horvath, 1960, p. 35), the Gunnison 
Hills (Estes, 1968, p. 109), Winkelman, Arizona (Wells,
1965, p. 62) and Reid (1968, p. 91). The specimens examined 
are from unit 64 (Middle Desmoinesian) at the Salt River
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Black River.

81

Beedeina taosensis (Needham)
Fig. 25, nos. 1-3; Append. 1-40

Fusulina taosensis NEEDHAM, 1937, p. 25-26 , pi. 2, fig. 16, 
pi. 3, figs. 1 and 2.

Description. Small fusiform tests of 5 to 5 1/2 
volutions attain a maximum length of 3.30 mm and a width of 
1.80 mm. The spherical proloculi range from 0.10 to 0.17 mm 
in outside diameter. The lateral slopes are straight, end
ing in rounded poles. The inner two volutions are more 
tightly coiled than the outer volutions. The septa are 
strongly folded near the poles with less intense, irregular 
folding across the middle of the chambers. The four-layered 
fusulinellid wall is well developed with a thin diaphano- 
theca. The tunnel is narrow in inner volutions and gradually 
widens in successive volutions. The chomata are small and 
asymmetrical in inner volutions, becoming higher and more 
symmetrical in outer volutions and may overhang the tunnel.

Discussion. Beedeina taosensis (Needham) has smaller 
chomata than B. pristina (Thompson) and a larger proloculus 
and stronger septal fluting than B. pattoni (Needham).

Occurrence. This species is known from the Desmoin
esian of the Sangre de Cristo Mountains, New Mexico



(Needham, 1937, p . 26). The specimens examined are from 
units 11, 30, and 38 (Middle Desmoinesian) at Black River.

Beedeina tumida (Alexander)
Fig. 25, nos. 4-6, Fig. 26, no. 1 

Append. 1-41
Fusulina tumida ALEXANDER, 1954, p. 43-44, pi. 4, figs.

9-12.
Beedeina tumida (Alexander). ISHII, 1958, p. 41.

Description. Large gibbous fusiform tests of 8 1/2 
to 9 volutions attain a length of 5.00 mm and a width of
3.40 mm. The large spherical to slightly irregular proloc
uli range from 0.18 to 0.25 mm in outside diameter. The 
lateral slopes are straight to convex, ending in small roun
ded poles that may be slightly inflated. The inner volu
tions are more tightly coiled than outer volutions. The 
septa are intensely fluted all through the test with folds 
reaching the tops of the chambers. The four-layered fusu- 
linellid wall has an upper tectorium, diaphanotheca and 
lower tectorium of about equal thickness. The wall of the 
proloculus is thick, and consists of a tectum and a prima- 
theca. The narrow, straight to irregular tunnel expands 
very slowly in the inner volutions and more rapidly in the 
outermost volutions. The massive chomata are slightly asym
metrical in the inner volutions, becoming symmetrical by the 
third volution, and are symmetrical and tabular in the outer 
volutions, often overhanging the tunnel. The chomata may
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become irregular in outline in the outermost one or two 
volutions. Secondary deposits are heavy in inner volutions, 
filling in septal loops, and decreasing outward where they 
heavily coat septa adjacent to the tunnel.

Discussion. This species resembles Beedeina girtyi 
(Dunbar and Condra) but it is larger in size with a larger 
proloculus and has a thicker prolocular wall. Beedeina 
plena (Alexander) is more elongate with a smaller proloculus 
than B. tumida.

Occurrence. Beedeina tumida is reported from the 
Desmoinesian of the Salt River Canyon and Spring Canyon 
(Horvath, 1960, p. 39). The specimens examined are from 
units 41 and 45 (Middle Desmoinesian) at the Salt River Can
yon and unit 35 (Middle Desmoinesian) at Black River.

Beedeina sp. A
Fig. 26, nos. 2-3; Append. 1-42

Description. The fusiform tests of 5 volutions 
reach 2.67 mm in length and 1.07 mm in width. The spherical 
proloculi range from 0.10 to 0.11 mm in outside diameter.
The lateral slopes are straight ending in small rounded 
poles. The coiling is uniform throughout the test. Septal 
fluting is intense across all of the chambers, forming 
regularly spaced, high septal loops that reach half the full 
height of the chamber. The four-layered fusulinellid wall
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has a well developed diaphanotheca that extends well into 
the polar area. The upper tectorium is thicker than the 
lower tectorium. The tunnel widens rapidly in successive 
volutions. The chomata are massive and tabular. Secondary 
deposits are heavy and fill in septal loops in inner volu
tions .

Discussion. These specimens are badly abraded and 
the character of the fifth volution is obscured by replace
ment. The elongate fusiform shape in early volutions, 
tabular chomata, regular fluting and secondary deposits in 
the septa of early volutions distinguished this species from 
Beedeina rockymontana (Roth and Skinner). B. knighti 
(Dunbar and Henbest) has a larger proloculus and smaller 
chomata than Beedeina sp. A.

Occurrence. The specimens examined are from unit 
64 (Middle Desmoinesian) at the Salt River Canyon.

Genus WEDEKINDELLINA Dunbar and Henbest, 1933
Wedekindellina alveolata Stewart
Fig. 26, nos. 4-6; Append. 1-43

Wedekindellina alveolata STEWART, 1970, p. 49-50, pi. 7, 
figs. 8-12, 15.

Description. Elongate fusiform tests of 7 1/2 to 8 
volutions attain a length of 3.20 mm and a width of 0.92 mm. 
The small spherical to irregular proloculi range from 0.04 
to 0.06 mm in outside diameter. The lateral slopes are
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straight to slightly concave, ending in bluntly to narrowly 
rounded poles. The axis of coiling is straight to slightly 
curved. The inner volutions are tightly coiled with the 
outer two volutions expanding rapidly. The septa may undu
late slightly across the chambers. The four-layered wall 
has a well developed diaphanotheca with very thin upper and 
lower tectoria. The narrow irregular tunnel is bordered by 
asymmetrical chomata with steep to overhanging tunnel sides 
and low poleward slopes. The chomata may not be developed 
in the last volution. Secondary deposits are heavy along 
the axis of all but the last two volutions where they are 
absent or very light.

Discussion. Wedekindellina alveolata is distin
guished from other species of Wedekindellina by the vaulting 
of the last two volutions and the absence of axial filling 
in them.

Occurrence. This species is known from the Joyita 
Hills in central New Mexico (Stewart, 1970, p. 50) where it 
is associated with Beedeina pattoni, Parafusulinella propria 
and Wedekindellina excentrica of Early Desmoinesian age.
The specimens examined are from units 16, 47, and 48 (Middle 
Desmoinesian) at Black River.
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Wedekindellina cf. W. ellipsoid.es Dunbar and Henbest
Fig. 26, nos. 7-8; Append. 1-44

Wedekindellina ellipsoides DUNBAR and HENBEST, 1942, p. 101- 
102, pi. 9, figs. 9-14; ROSS and TYRRELL, 1965, p. 627, 
pi. 75, figs. 1, 2.

Description. Thickly fusiform tests of 11 1/2 volu
tions measure 3.00 mm in length and 1.30 mm in width. The 
proloculi range from 0.03 to 0.08 mm in outside diameter.
The lateral slopes are straight to convex, ending in bluntly 
rounded poles. The shell is tightly coiled in inner volu
tions and becomes more loosely coiled in outer volutions.
The septa are straight across the chambers with slight 
undulations at the poles. The four-layered wall exhibits a 
thick diaphanotheca in outer volutions of adult forms, with 
a thin inner tectorium. The narrow, slightly irregular 
tunnel expands slowly in successive volutions. The asymmet
rical chomata have a nearly vertical tunnel side and merge 
poleward with heavy secondary deposits that are nearly half 
the height of the chamber and obscure the axial area in all 
but the last volution.

Discussion. The specimens examined were abraded and 
of fewer volutions than the type species of Dunbar and Hen
best, and have a larger proloculus. In all other aspects 
they agree closely with Wedekindellina ellipsoides as des
cribed and illustrated by Dunbar and Henbest.



87

Occurrence. This species was described from Illin
ois by Dunbar and Henbest (1942, p. 102). In Arizona it is 
known from the Desmoinesian of the northern Dragoon Moun
tains (Micklin, 1969, p. 73), the Gunnison Hills (Estes,
1968, p. 57) and Dry Canyon in the Whetstone Mountains 
(Ross and Tyrrell, 1965, p. 627). The specimens examined 
are from unit 41 (Middle Desmoinesian) at the Salt River 
Canyon and units 16 and 47 (Middle Desmoinesian) at Black 
River.

Wedekindellina euthysepta (Henbest)
Fig. 26, nos. 9-12; Append. 1-45

Fusulinella euthysepta HENBEST, 1928, p. 80-81, pi. 8, figs.
6-8, pi. 9, figs. 1-2.

Wedekindellina euthysepta (Henbest). DUNBAR and HENBEST,
1930, p. 357-364; DUNBAR and HENBEST, 1933 in Cushman, 
Cushman Lab. for Foram. Research, Spec. Pub. 4, p. 134, 
key plate 10, figs. 13-15; ROSS and TYRRELL, 1965, p. 
627-628, pi. 75, figs. 6-8; STEWART, 1970, p. 48-49, 
pi. 7, figs. 1-7.

Description. Elongate fusiform tests of 9 to 9 1/2 
volutions attain a length of 4.00 mm and a width of 1.23 mm. 
The spherical to irregular proloculi range from 0.03 to 0.07 
mm in outside diameter. The lateral slopes are straight, 
ending in sharply rounded poles. The test is uniformly 
coiled and expands gradually. The septa are unfluted across 
the chamber. The four-layered wall is obscured in inner 
volutions and displays a prominent diaphanotheca and upper 
tectorium in outer volutions. The lower tectorium is very
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thin. The narrow, slightly irregular tunnel widens grad
ually. The asymmetrical chomata have steep slopes on the 
tunnel side and low poleward slopes that merge with heavy 
axial deposits in all but the outermost volutions in some 
specimens.

Discussion. Wedekindellina henbesti (Skinner) 
resembles W. euthysepta (Henbest) but is more elongate per 
volution, has a more regular profile and lighter axial 
deposits.

Occurrence. This widespread species is known from 
the Early Desmoinesian of the Whetstone Mountains (Ross and 
Tyrrell, 1965, p. 627-628), the Dos Cabezas and Chiricahua 
Mountains (Ross and Sabins, 1965, p. 196), Spring Canyon of 
the Salt River Canyon (Horvath, 1960, p. 25-26), the north
ern Dragoon Mountains (Micklin, 1969, p. 75), the Gunnison 
Hills (Estes, 1968, p. 63), and Coolidge Dam, Superior, and 
Winkelman (Reid, 1968, p. 97). The specimens examined are 
from units 11 and 41 (Lower and Middle Desmoinesian) at the 
Salt River Canyon and units 16, 29, 45, 47, and 48 at Black 
River.

Wedekindellina excentrica (Roth and Skinner)
Fig. 27, nos. 1-2; Append. 1-46

Wedekindella excentrica ROTH and SKINNER, 1930, p. 340-341, 
pi. 30, figs. 1-3.

Wedekindellina excentrica (Roth and Skinner). THOMPSON,
1936, p. 105-106, pi. 15, figs. 6, 9-11; STEWART, 1970, 
p. 50, pi. 7, figs. 13, 14, 16-18.
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Description. Thickly fusiform tests of 10 to 10 1/2 

volutions attain a length of 3.30 mm and a width of 1.20 mm. 
The aspherical proloculi range from 0.06 to 0.08 mm in out
side diameter. The lateral slopes are straight to slightly 
convex, ending in narrowly rounded poles. The inner volu
tions increase in height slowly but outer volutions expand 
more rapidly. The septa are broadly undulate across the 
chambers with gently folding at the poles. The four-layered 
wall has a thick diaphanotheca with thin irregular tectoria 
in outer volutions. The tunnel is extremely irregular and 
widens slowly. The small, asymmetrical chomata have a steep 
to overhanging tunnel side and low poleward slopes where 
they merge with secondary axial deposits in the inner volu
tions. In the outer volutions the chomata are reduced in 
size and may not flow to the secondary axial fillings in the 
polar areas.

Discussion. The specimens examined have a larger 
proloculus than the type specimens of Roth and Skinner, but 
agree closely in all other aspects. Wedekindellina excen- 
trica is more elongate with a more irregular tunnel than 
W. cf. W. ellipsoides Dunbar and Henbest, and is more thick
ly fusiform with a larger proloculus than W. euthysepta 
(Henbest).

Occurrence. This species is known from the McCoy 
Formation of Colorado (Roth and Skinner, 1930, p. 34), and
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from the Gunnison Hills (Estes, 1968, p. 66). The specimens 
examined are from unit 41 (Middle Desmoinesian) at the Salt 
River Canyon, and unit 48 (Middle Desmoinesian) at Black 
River.

Wedekindellina henbesti (Skinner)
Fig. 27, nos. 3-5; Append. 1-47

Wedekindia henbesti SKINNER, 1931, p. 259, pi. 30, figs.2, 3.
Wedekindellina henbesti (Skinner). THOMPSON, 1934, p. 279; 

ROSS and SABINS, 1965, p. 196, pi. 21, fig. 32, pi. 26, 
figs. 1-8; ROSS, 1969, p. 1411, pi. 172, figs. 29-34.

Description. Elongate fusiform tests of 10 to 
10 1/2 volutions attain a length of 5.00 mm and a width of
1.40 mm. The spherical to slightly irregular proloculi 
range from 0.05 to 0.09 mm in outside diameter. The lateral 
slopes are straight to irregular, ending in narrowly rounded 
poles. The shell is coiled tightly in inner volutions and 
expands gradually in the outer volutions. The septa undu
late gently across the chambers. The four-layered wall has 
a prominent diaphanotheca in outer volutions with a very 
thin upper tectorium. The slightly irregular tunnel is bor
dered by asymmetrical chomata that may overhang the tunnel. 
Low poleward slopes merge with secondary axial deposits in 
the inner volutions. Secondary deposits are heavy in the 
axial area and rapidly diminish in size toward the tunnel.
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Discussion. Wedekindellina henbesti (Skinner) is 
larger than W. euthysepta (Henbest) with lighter axial 
filling.

Occurrence. This species is known from the Des- 
moinesian of the Dos Cabezas and Chiricahua Mountains (Ross 
and Sabins, 1965, p. 196) , the Gunnison Hills (Estes, 1968, 
p. 69), Superior and Coolidge Dam (Reid, 1968, p. 99), the 
Gila Mountains (Ross, 1969, p. 1141), and W. henbesti? is 
reported from the northern Dragoon Mountains (Micklin, 1969, 
p. 76). The specimens examined are from units 5 and 45 
(Lower and Middle Desmoinesian) at the Salt River Canyon, 
and units 10 and 29 (Middle Desmoinesian) at Black River.

Wedekindellina cf. W. matura Thompson 
Fig. 27, nos. 6-7; Append. 1-48

Wedekindellina matura THOMPSON, 1954, p. 56-58, pi. 4, figs.
1-12, pi. 5, fig. 5.

Description. Small fusiform tests of 6 to 6 1/2 
volutions attain a length of 2.90 mm and a width of 1.20 mm. 
The slightly irregular to spherical proloculi range from 
0.10 to 0.12 mm in outside diameter. The lateral slopes 
become convex in outer volutions ending in bluntly to 
narrowly rounded poles. The tests are loosely coiled and 
expand uniformly. The septa are essentially straight 
throughout the chambers with slight folding in the extreme 
polar areas. The four-layered wall has a distinct
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diaphanotheca and well developed but thin upper and lower 
tectoria. The straight to slightly irregular tunnel widens 
rapidly and is bordered by asymmetrical chomata that flow 
toward the poles in early volutions and become narrow in 
outer volutions. Secondary axial deposits are very light 
and extend toward the tunnel for a short distance in the 
outer volutions.

Discussion. Wedekindellina cabezasensis Ross and 
Sabins is larger, more elongate and has a smaller proloculus 
than W. cf. W. matura. W. minuta (Henbest) is smaller with 
a smaller proloculus and heavier secondary deposits than IV. 
cf. W. matura. These specimens are more elongate, with a 
larger proloculus and lighter axial deposits than W. matura 
as described and illustrated by Thompson. They resemble 
immature forms of Parafusulinella, but have a definite 
diaphanotheca.

Occurrence. W. matura Thompson is known from the 
Uinta Mountains (Thompson, 1945, p. 58), Kohls Ranch and Big 
Spring Canyon (Brew, 1965, p. 193), Superior, Coolidge Dam 
and Winkelman (Reid, 1968, p. 100), and the Salt River 
Canyon and Spring Canyon (Horvath, 1960, p. 22). The 
specimens examined are from unit 13 (Lower Desmoinesian) 
at the Salt River Canyon.



. Subfamily Schwagerininae Dunbar and Henbest, 1930 
Genus TRITICITES Girty, 1904 
Triticites acutuloides Ross 

Fig. 27, nos. 8-9; Append. 1-49 
Triticites acutuloides ROSS, 1965, p. 1166, pi. 141, figs.nrrr

Description. Elongate fusiform to sub-cylindrical 
tests of 6 1/2 to 7 volutions attain a length of 5.10 mm 
and a width of 1.50 mm. The spherical proloculi range from 
0.07 to 0.08 mm in outside diameter. The lateral slopes are 
straight, ending in bluntly rounded poles. Inner volutions 
are short and outer volutions increase markedly in length. 
The septa are folded in the extreme polar areas and may 
undulate broadly across the central portions of the cham
bers. The two-layered wall is thin in inner volutions, 
becoming thicker in outer volutions where it is composed of 
a thin tectum and a keriotheca. The regular tunnel expands 
gradually and regularly. The chomata are asymmetrical and 
low between septa and may overhang the tunnel where they 
thicken the edges of septa over the tunnel. Secondary de
posits may coat septal loops adjacent to the tunnel in inner 
volutions.

Discussion. Triticites acutuloides Ross is larger 
than T. burgessae Burma, more thickly fusiform than T. 
nebraskensis Thompson, and is smaller than T. celebroides
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Occurrence. Triticites acutuloides was described 

from the Upper Missourian and Lower Virgilian portions of 
the Gaptank Formation of the Glass Mountains, Texas (Ross, 
1965, p. 1166) . Estes (1968, p . 122) reports this species 
from the Lower Virgilian of the Gunnison Hills. The speci
mens examined are from unit 2 (Lower Virgilian) at White 
River.

Triticites bensonensis Ross and Tyrrell
Fig. 27, no. 10, Fig. 28, nos. 1-2; Append. 1-50

Triticites bensonensis ROSS and TYRRELL, 1965, p. 629-630, 
pi. 7*7"̂ figs. 26-31.

Description. Thickly fusiform tests of 7 to 8 volu
tions reach 6.30 mm in length and 2.70 mm in width. The 
spherical to aspherical proloculi range from 0.08 to 0.11 mm 
in outside diameter. The lateral slopes are straight, end
ing in rounded poles. The test is uniformly coiled, becom
ing more thickly fusiform in outer volutions. The septa are 
strongly folded near the poles and gently folded across the 
midplane. The two-layered wall is thin in innermost volu
tions, increasing in thickness after the third volution and 
exhibiting a tectum and coarsely alveolar keriotheca which 
becomes very thick in outer volutions. The wall is thickest 
above the tunnel and thins slightly toward the poles. The 
straight tunnel widens gradually and is bordered by small, 
symmetrical chomata. Secondary deposits may coat the septa



adjacent to the tunnel and the floor of the chamber pole- 
ward from the chomata in outer volutions.

Discussion. Triticites beedei Dunbar and Condra has 
more regularly folded septa than T. bensonensis Ross and 
Tyrrell, and T. whetstonensis Ross and Tyrrell is larger 
with more tightly coiled inner volutions. T. cf. T. creek- 
ensis Thompson is larger with a larger proloculus. T. 
rhodesi Needham has less septal folding and T. consobrinus 
White has a wider tunnel than T. bensonensis.

Occurrence. This species is Virgilian in age and 
is known from Dry Canyon in the Whetstone Mountains (Ross 
and Tyrrell, 1965, p. 630). T. bensonensis(?) is reported 
from the Gila Mountains (Ross, 1969, p. 1419). Micklin 
(1969, p. 104) reports this species from the northern Drago
on Mountains and Reid (1968, p. 103) reports it from strata 
of Middle Virgilian age at Superior. The specimens examined 
are from unit 42 (Middle Virgilian) at White River.

Triticites cf. T. burgessae Burma
Fig. 28, nos. 3-6; Append. 1-51

Triticites burgessae BURMA, 1942, p. 744, pi. 118, figs. 2, 
13; THOMPSON, 1957, p. 316, pi. 28, figs. 1-6, 7?;
ROSS, 1963, p. 99-100, pi. 4, figs. 1-6.

Description. Fusiform tests of 5 to 6 volutions 
reach 3.50 mm in length and 1.50 mm in width. The spherical 
proloculi range from 0.08 to 0.10 mm in outside diameter.
The lateral slopes are concave, ending in rounded poles.
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The shell is more tightly coiled in inner volutions than in 
the uniformly expanding outer volutions. The septa are 
strongly folded in the axial area and undulate gently across 
the chambers. The spirotheca is composed of a tectum and 
keriotheca that is thin in inner volutions and becomes mod
erately thick in the outer volutions. The narrow, slightly 
irregular tunnel widens uniformly and is flanked by small 
chomata that are asymmetrical in inner volutions and may 
become narrowly symmetrical in the outer volutions.

Discussion. Triticites burgessae Burma is one of 
several small, very similar species of Early to Middle 
Missourian Triticites: T. pygmaeus Dunbar and Condra, T. 
nebraskensis Thompson, T. submucronata Thompson and T. 
milleri Thompson. T. pygmaeus is more loosely coiled with 
a larger proloculus, T. nebraskensis is more elongate, T. 
submucronata has heavier chomata and T. milleri has a wider 
tunnel and thicker spirotheca in the outer volutions.

Occurrence. Triticites burgessae has been reported 
from Black River (Brew, 1965, p. 195) and the Dripping 
Spring Mountains (Wells, 1965, p. 95). The specimens exam
ined are Lower Missourian from unit 111 at the Salt River 
Canyon and unit 1 at White River.
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Triticites cf. T. confertoides Ross

Fig. 28, nos. 7-8; Append. 1-52
Triticites confertoides ROSS, 1965, p. 1168-1169, pi. 142, 

figs. 12-22, pi. 143, fig. 15.
Description. Fusiform tests of 6 1/2 to 7 volutions 

reach 7.20 mm in length and 2.50 mm in width. The spherical 
proloculi range from 0.11 to 0.20 mm in outside diameter.
The lateral slopes are straight, ending in rounded poles.
The shell expands uniformly in most specimens but a few show 
slightly tighter coiling in the juvenarium than in outer 
volutions. The septa are strongly and regularly folded 
across the midplane in outer volutions. The two-layered 
wall is thin, composed of a tectum and keriotheca than in
creases only slightly in thickness in successive volutions. 
The narrow, slightly irregular tunnel increases gradually -in 
width. The chomata are low and symmetrical to tabular, and 
may overhang the tunnel. Secondary deposits coat septa ad
jacent to the tunnel and may infill septal loops in inner 
volutions.

Discussion. Many of the specimens examined were 
badly abraded and positive identification is not possible. 
The proloculi are consistently larger in these specimens 
than in T. confertoides Ross but they agree with the des
cription and illustrations of this species by Ross in all 
other characters.
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Occurrence. Triticites confertoides was described 

from the Lower Virgilian of the Gaptank Formation, Glass 
Mountains, West Texas (Ross, 1965, p. 1169). The specimens 
examined are from units 28 and 32 (Middle Virgilian) at 
White River.

Triticites coronadoensis Ross and Tyrrell
Fig. 29, nos. 1-3; Append. 1-53

Triticites coronadoensis ROSS and TYRRELL, 1965, p. 629, pi. 
' V7, figs. 3, 6, 10, 11.

Description. Fusiform tests of 7 1/2 to 8 volutions 
attain a length of 6.40 mm and a width of 2.90 mm. The 
spherical proloculi range from 0.07 to 0.12 mm in outside 
diameter. The lateral slopes are straight, ending in round
ed poles. The test is slightly more tightly coiled in inner 
volutions than in outer volutions. The septa are more 
strongly folded near the poles and gently folded across the 
chambers. The two-layered wall consists of a tectum and 
coarsely alveolar keriotheca that thickens in successive 
volutions and is thick in the outer two whorls. The wall 
thins slightly toward the poles. The tunnel is straight to 
slightly irregular and is flanked by moderately large, sym
metrical chomata that may overhang the tunnel in the outer 
volutions where they thicken the edges of septa. Thin 
secondary deposits may coat the floor of the chamber pole- 
ward from the chomata for a short distance.
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Discussion. Triticites bensonensis Ross and Tyrrell 

is shorter with heavier chomata and Triticites whetstonensis 
Ross and Tyrrell has less septal fluting and lighter chomata 
than T. coronadoensis.

Occurrence. Triticites coronadoensis is known from 
Virgilian strata in the Whetstone Mountains (Ross and 
Tyrrell, 1965, p . 630) and the Gunnison Hills (Estes, 1968, 
p. 129). The specimens examined are from units 18, 32, and 
35 (Lower and Middle Virgilian) at White River.

Triticites cf. T. creekensis Thompson
Fig. 29, no. 4, Fig. 30, no. 1; Append. 1-54

Triticites creekensis THOMPSON, 1954, p. 42-43, pi. 9, figs. 
22-26,“pi. 10, figs. 1-13; SABINS and ROSS, 1963, 
p. 343, pi. 35, figs. 17-21; CASSITY and LANGENHEIM, 
1966, p. 951, pi. 113, figs. 19-22.

Description. Inflated fusiform tests of 7 to 7 1/2 
volutions attain a length of 7.30 mm and a width of 3.50 mm. 
The spherical to aspherical proloculi range from 0.16 to 
0.25 mm in outside diameter. The lateral slopes are straight 
to slightly convex, becoming slightly concave in the outer
most volutions, ending in elongate, rounded poles in adult 
specimens. The shell is more tightly coiled in inner volu
tions and expands uniformly in outer volutions. The septa 
are strongly folded in polar areas and part way toward 
the tunnel where they decrease in height and intensity of 
folding. The two-layered wall is thin in inner volutions
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and thickens markedly in outer volutions where it is com
posed of a moderately thick tectum and a coarsely alveolar 
keriotheca. The wall is thickest above the tunnel and thins 
slightly toward the poles. The prolocular wall is thick and 
composed of a tectum and a primatheca. The narrow, slightly 
irregular tunnel expands gradually. The massive symmetrical 
chomata nearly fill inner volutions and in outer volutions 
may overhang the tunnel. Septal loops are often coated with 
secondary deposits. These deposits coat the floors of the 
chambers poleward from the chomata and in early volutions 
extend across the tunnel floor.

Discussion. Triticites cf. T. creekensis Thompson 
is more tightly coiled in inner volutions and has heavier 
chomata than the holotype figured by Thompson (1954, pi. 10, 
fig. 1) but agrees with the other specimens illustrated and 
described (Thompson, 1954, p. 42-43). T. cf. T. creeken- 
sis agrees with the description and illustrations of T. 
creekensis Thompson by Sabins and Ross (1963, p . 343). 
Triticites pinguis Dunbar and Skinner is smaller and more 
subglobose and T. bensonensis Ross and Tyrrell is more uni
formly coiled with a smaller proloculus than T. cf. T. 
creekensis.

Occurrence. This species is known from the Lower 
Wolfcampian strata of West Texas and New Mexico (Thompson, 
1954, p. 43), the post Virgilian and Lower Wolfcamp of
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the Chiricahua Mountains (Sabins and Ross, 1963, p. 343), 
and the Lower Wolfcamp in Arrow Canyon, Nevada (Cassity and 
Langenheim, 1966, p. 951). The specimens examined are from 
unit 48 at White River and are considered Late Virgilian in 
age.

Triticites fresnalensis Needham
Fig. 30, no. 2; Append. 1-55

Triticites fresnalensis NEEDHAM, 1937, p. 42-43, pi. 6, 
figs. 12-17; ROSS and TYRRELL, 1965, p. 631-632, 
pi. 77, figs. 12-15.

Description. Thickly fusiform tests of 6 volutions 
attain a length of 4.80 mm and a width of 1.50 mm. The 
aspherical proloculi range from 0.10 to 0.12 mm in outside 
diameter. The lateral slopes are straight, ending in blunt
ly rounded poles. The test elongates rapidly in outer volu
tions. The septa are gently folded in the axial area and 
straight to gently undulating across the midplane of the 
chamber. The thin two-layered wall is composed of a thin 
tectum and a keriotheca. The slightly irregular tunnel ex
pands gradually and is flanked by small chomata that are 
low and asymmetrical in inner volutions and become higher 
and become more symmetrical in outer volutions. In inner 
volutions secondary deposits on the floors of the chambers 
extend from the chomata toward the poles.

Discussion. Triticites nebraskensis Thompson is 
more elongate than T. fresnalensis Needham. T. collus Burma
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is considerably larger, and more elongate, and T. pygmaeus 
Dunbar and Condra is more inflated fusiform than T. fresnal- 
ensis.

Occurrence. T. fresnalensis is known from the 
Missourian of the Sacramento Mountains, New Mexico (Needham, 
1937, p. 43) and the Whetstone Mountains, Arizona (Ross and 
Tyrrell, 1965, p. 632). The specimens examined are from 
unit 1 (Lower Missourian) at White River.

Triticites cf. T. imperialis Kauffman and Roth 
Fig. 30, no. 3; Append. 1-56

Triticites imperialis KAUFFMAN and ROTH, 1966, p. 37-38, pi.
8, figs. 1-7, pi. 11, figs. 3-6.

Description. Large fusiform tests of 6 1/2 to 7 1/2 
volutions reach 7.00 mm in length and 3.50 mm in width. The 
slightly aspherical proloculi range from 0.20 to 0.21 mm in 
outside diameter. The lateral slopes are straight to con
cave in outer volutions, ending in rounded poles. The shell 
expands regularly from the slightly more tightly coiled juv- 
enarium. The septa are strongly folded in the polar areas 
and across the chambers of the first 5 to 6 volutions. The 
two-layered wall is thin in the inner two volutions, becom
ing thicker in outer volutions where it is composed of a 
thick tectum and a coarsely alveolar keriotheca. The thick 
prolocular wall is composed of a tectum and a primatheca.
The slightly irregular tunnel widens gradually. The chomata



103
are slightly asymmetrical and become irregular where they 
coincide with septa. Secondary deposits coat the septal 
loops adjacent to the tunnel.

Discussion. The specimens examined lacked the out
ermost volutions and were too few in number to make positive 
identification. They agree closely with the description 
and illustrations of Kauffman and Roth. Triticites cf. T. 
creekensis Thompson has a wider tunnel and heavier chomata,
T. cf. T. turgidus Dunbar and Condra has more massive cho
mata and less septal fluting than T. cf. T. imperialis.

Occurrence. Triticites imperialis Kauffman and Roth 
was described from the Virgilian Breckinridge Limestone of 
the Brazos River area, north-central Texas. The specimens 
examined are from unit 48 (Upper Virgilian) at White River, 
associated with Schubertella king! and T. cf. T. creekensis.

Triticites nebraskensis Thompson
Fig. 30, nos. 4-6; Append. 1-57

Fusulina exigua Schellwien and Staff aji STAFF, 1912, p. 179, 
text fig. 10, pi. 15, fig. 4 (non F. vulgaris exigua Schellwien).

Triticites exigua (Schellwien and Staff). DUNBAR and CONDRA, 
1927, p. Ill, pi. 8, figs. 1-5.

Triticites nebraskensis THOMPSON, 1954, p. 281; NEEDHAM,
1937, p. 30-32, pi. 4, figs. 2-3.

Description. Elongate fusiform tests of 6 1/2 to 7 
volutions attain a length of 5.50 mm and a width of 1.70 mm. 
The spherical proloculi range from 0.06 to 0.11 mm in out
side diameter. The lateral slopes are straight, ending in
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bluntly to narrowly rounded poles. The shell increases 
markedly in length in the outer volutions. The septa are 
folded only in the polar areas, becoming straight to slight
ly undulating across the midplane of the chambers. The two
layered wall is moderately thick in the outer volutions and 
is composed of a tectum and a keriotheca. The straight to 
slightly irregular tunnel widens gradually in inner volu
tions and more rapidly in outer volutions. The massive, 
asymmetrical chomata may overhang the tunnel in the outer 
volutions. In inner volutions secondary deposits on the 
chamber floors may extend from the chomata to the polar 
areas.

Discussion. In the specimens examined, those of 
6 1/2 to 7 volutions are less elongate than those of fewer 
volutions. Triticites fresnalensis Needham is more cylin
drical with less fluting and more loosely coiled than T. 
nebraskensis. T. pygmaeus (Dunbar and Condra) and T. bur- 
gessae Burma are more inflated fusiform, and T. pygmaeus 
has a larger proloculus than T. nebraskensis.

Occurrence. This species is known from strata of 
Early Missourian age near Christmas, Arizona (Wells, 1965, 
p. 98) and Superior and Coolidge Dam, Arizona (Reid, 1968, 
p. 105). The specimens examined are from unit 111 at the 
Salt River Canyon and unit 1 at White River, both Lower 
Missourian.
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Triticites cf. T. newelli Burma 
Fig. 31, nos. 1-3; Append. 1-58

Triticites cf. T. moorei MOORE, ELIAS and NEWELL, 1936, p.
29-31. “

Triticites newelli BURMA, 1942, p. 749-751, pi. 118, figs.
7, 10; THOMPSON, 1957, p. 323-325, pi. 29, figs. 13-20;
CASSITY and LANGENHEIM, 1966, p. 947, pi. 112, figs.
17-20.

Description. Fusiform tests of 7 to 7 volutions 
reach 5.10 mm in length and 1.80 mm in width. The proloculi 
measure 0.10 mm in outside diameter. The lateral slopes are 
straight ending in rounded poles. The shell is uniformly 
coiled becoming more elongate after the third volution. The 
septa are strongly folded near the poles and gently folded 
across the center of the chamber. The two-layered wall is 
thin and composed of a thin tectum and keriotheca. The 
tunnel is slightly irregular and expands gradually. The .. 
massive chomata are asymmetrical in the inner one to two 
volutions and become more symmetrical and may overhang the 
tunnel in the outer volutions.

Discussion. The specimens examined are more elon
gate with somewhat lighter chomata than the specimens illus
trated by Burma, but agree with his description and 
illustrations in all other respects. Triticites nebrasken- 
sis Thompson is more elongate with a smaller proloculus and 
a wider tunnel and T. acutuloides Ross has less fluting and 
smaller chomata than T. cf. T. newelli.
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Occurrence. Burma described Triticites newel!i 

from the Missourian of Kansas. It is also reported from 
Arrow Canyon, Nevada (Cassity and Langenheim, 1966, p. 947) 
and from the Gunnison Hills (Estes, 1968, p. 137). The 
specimens examined are from unit 111 at the Salt River Can
yon (Lower Missourian).

Triticites pygmaeus Dunbar and Condra
Fig. 31, nos. 4-6; Append. 1-59

Triticites cullomensis var. pygmaeus DUNBAR and CONDRA,
1927, p. 95-96, pi. 5, figs. 3-4.

Triticites pygmaeus Dunbar and Condra. DUNBAR and SKINNER, 
1937, p. 614-616, pi. 48, figs. 13-26; THOMPSON, 1957, 
p. 320-322, pi. 28, figs. 8-10.

Description. Elongate fusiform tests of 5 to 5 1/2 
volutions attain a length of 4.20 mm and a width of 1.50 mm. 
The spherical proloculi range from 0.10 to 0.15 mm in out
side diameter. The lateral slopes are convex, terminating 
in broadly rounded poles. The test is loosely coiled and 
expands gradually, increasing in length after the second 
volution. The septa are gently folded in the extreme polar 
areas and are straight across the midplane. The two-layered 
wall is fairly thin consisting of a thin tectum and a kerio- 
theca. The straight, wide tunnel expands uniformly and is 
flanked by massive asymmetrical chomata that may thicken the 
edges of the septa and overhang the tunnel in the outer 
volutions.
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Discussion. Triticites pygmaeus Dunbar and Condra 

is one of several similar species of Lower Missourian Triti
cites : Triticites burgessae Burma, T. nebraskensis Thompson, 
T. milleri Thompson and T. submucronata Thompson. Tritici
tes pygmaeus has a larger proloculus than any of these 
species and is more thickly fusiform than T. nebraskensis, 
is more loosely coiled than T. burgessae, has a thinner wall 
than T. milleri and a wider tunnel than T. submucronata.

Occurrence. Triticites pygmaeus is known from the 
Missourian of Nebraska (Dunbar and Condra, 1927, p. 96), and 
Missouri, Kansas, Iowa, Wyoming, and Texas (Dunbar and 
Skinner, 1937, p. 615; Thompson, 1957, p. 322). The speci
mens examined are from unit 106 (Lower Missourian) at the 
Salt River Canyon.

Triticites rhodesi Needham
Fig. 31, nos. 7-8, Fig. 32, no. 1 

Append. 1-60
Triticites rhodesi NEEDHAM, 1937, p. 43-45, pi. 7, figs.

1-4; SABINS and ROSS, 1963, p. 340, pi. 36, figs. 1-3.
Description. Inflated fusiform tests of 7 to 8 volu 

tions reach 6.80 mm in length and 3.20 mm in width. The 
small spherical proloculi range from 0.08 to 0.10 mm in 
outside diameter. The lateral slopes are straight, becoming 
slightly concave in the outermost volution, ending in narrow 
ly rounded poles. The inner volutions are moderately tight
ly coiled and the outer volutions are loosely coiled. The
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septa are strongly folded in the axial regions and slightly 
folded across the midplane in outer volutions. Septal folds 
reach 2/3 the full height of the chambers. The two-layered 
wall is thin in inner volutions, becoming thicker in outer 
volutions where it is composed of a thin tectum and a mod
erately thick keriotheca that is finely alveolar. The nar
row, slightly irregular tunnel expands slowly in inner 
volutions and more rapidly in the last two whorls. The mas
sive chomata are asymmetrical in the inner two volutions, 
becoming symmetrical to overhanging in successive chambers 
and are irregular where they coincide with septal folds. 
Secondary deposits coat septa adjacent to the tunnel in 
inner volutions and along the floor of the chambers from the 
chomata toward the poles.

Discussion. Triticites beedei Dunbar and Condra is 
more uniformly coiled with a larger proloculus than T. rho- 
desi. T. consobrinus White expands more evenly after the 
second volution and has more irregular septal fluting. T. 
coronadoensis Ross and Tyrrell is more elongate with smaller 
chomata and a wider tunnel. T. bensonensis Ross and Tyrrell 
has a wider tunnel and less fluting across the midplane of 
the shell.

Occurrence. This species is known from the lower 
part of the Earp Formation near Portal, Arizona, in the 
Chiricahua Mountains where it is Middle to Late Virgilian in
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age (Sabins and Ross, 1963, p . 341), from Middle to Late 
Virgilian strata at Carrizo Creek (Horvath, 1960, p. 47) and 
from Middle Virgilian strata at Superior, Arizona (Reid, 
1968, p. 108). The specimens examined are from unit 3 
(Lower Virgilian) at White River.

Triticites cf. T. turgidus Dunbar and Henbest
Fig. 32, nos. 2-3; Append. 1-61

Triticites turgidus DUNBAR and HENBEST, 1942, p. 138-139,
pi. 23, figs. 6-12; ROSS, 1965, p. 1173-1174, pi. 145, 
figs. 21-34.

Description. Fusiform tests of 5 1/2 to 6 volutions 
attain a length of 5.20 mm and a width of 2.10 mm. The 
spherical proloculi range from 0.10 to 0.13 mm in outside 
diameter. The lateral slopes are straight, ending in small 
rounded poles. The shell expands uniformly with growth. - 
The septa are strongly folded throughout the shell except 
near the tunnel where they are moderately folded. The 
spirotheca is thin in the inner five volutions, becoming 
thicker in the last volution. The two-layered wall is com
posed of a thin tectum and keriotheca. The narrow tunnel is 
slightly irregular and widens very slowly. The chomata are 
fairly massive and symmetrical. Secondary deposits coat 
septa adjacent to the tunnel and may coat the floors of the 
chambers thinly and irregularly.
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Discussion. The specimens examined were abraded and 

positive identification is not possible, but they agree 
closely with Triticites turgidus as described and illus
trated by Dunbar and Henbest. Triticites turgidus is 
smaller than T. rhodesi Needham and T. imperialis Kauffman 
and Roth, more thickly fusiform than T. coronadoensis Ross 
and Tyrrell and has more intensely folded septa than T. 
whetstonensis Ross and Tyrrell or T. bensonensis Ross and 
Tyrrell. .

Occurrence. This species was described from the 
Shumway Limestone, Virgilian of Illinois (Dunbar and Hen- 
best, 1942, p. 139). Ross (1965, p. 1174) recognized this 
species from the Gaptank Formation (Middle Virgilian) of 
West Texas. The specimens examined are from unit 34 (Middle 
Virgilian) at White River.

Triticites whetstonensis Ross and Tyrrell
Fig. 32, nos. 4-5, Fig. 33, no. 1; Append. 1-62

Triticites whetstonensis ROSS and TYRRELL, 1965, p. 630-631, 
pi. 78, figs. 6-15.

Description. Slightly inflated fusiform tests of 
7 1/2 to 9 volutions attain a length of 6.80 mm and a width 
of 3.40 mm. The small spherical proloculi range from 0.07 
to 0.12 mm in outside diameter. The lateral slopes are 
straight, ending in rounded poles. The test is tightly 
coiled in the inner four volutions and expands rapidly in
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the outer volutions. The septa are strongly folded in the 
axial area and gently folded to undulating across the mid
plane of the chambers. The two-layered wall is composed of 
a tectum and keriotheca which increases markedly in thick
ness after the fourth volution. The wall is thickest above 
the tunnel and thins toward the poles. The regular tunnel 
expands rapidly after the fourth volution and is bordered by 
small symmetrical chomata that diminish in size in outer 
volutions and may be absent in the last whorl.

Discussion. Triticites bensonensis Ross and Tyrrell 
is smaller with heavier chomata and expands more uniformly 
than T. whetstonensis. T. coronadoensis Ross and Tyrrell is 
more elongate and lacks the tightly coiled inner volutions 
of T. whetstonensis. T. arcusoides Ross is larger with more 
septal fluting and more massive chomata.

Occurrence. This species is known from strata of 
Virgilian age in the Whetstone Mountains (Ross and Tyrrell, 
1965, p. 631), the northern Dragoon Mountains (Micklin,
1969, p. 117), the Gunnison Hills (Middle Virgilian), Estes 
(1968, p. 141), and T. cf. T. whetstonensis is reported from 
Middle Virgilian strata at Coolidge Dam (Reid, 1968, p.
108). The specimens examined are from units 35 and 39 
(Middle Virgilian) at White River.
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Triticites sp. A 

Fig. 33, no. 2; Append. 1-63 
Description. Minute subglobular tests of 4 1/2 to 

5 1/2 volutions reach 2.00 mm in length and 1.10 mm in 
width. The proloculi are 0.07 mm in outside diameter. The 
lateral slopes are strongly convex. The shell is uniformly 
coiled, retaining the same shape throughout growth. The 
septa are strongly fluted in the axial area and straight 
across the midplane of the chambers. The extremely thin 
wall is composed of a tectum and a faintly alveolar kerio- 
theca. The regular tunnel widens uniformly and is flanked 
by small asymmetrical chomata. Secondary deposits are 
absent.

Discussion. These specimens differ from all other 
specimens of Triticites examined in their minute size, glob
ular shape and thin spirotheca.

Occurrence. The specimens examined are from unit 1 
(Lower Missourian) at White River, and are associated with 
T. fresnalensis, T. nebraskensis, and T. cf. T. burgessae.

Triticites sp. B 
Fig. 33, nos. 3-4; Append. 1-64 

Description. Highly inflated fusiform tests of 7 to 
71/2 volutions attain a length of 5.30 mm and a width of
3.40 mm. The proloculi range from 0.15 to 0.20 mm in out
side diameter. The lateral slopes are concave, ending in
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small rounded poles. The inner volutions are slightly more 
tightly coiled than the outer volutions. The septa are 
regularly and strongly folded throughout the test except in 
the outer volution of adult specimens where the folding is 
more irregular. The two-layered wall is thin in inner two 
to three volutions, becoming very thick in the outer volu
tions where it is composed of a tectum and a thick kerio- 
theca. The wall is thickest above the tunnel, thinning 
slightly toward the poles. The slightly irregular tunnel is 
narrow in inner volutions and widens rapidly in successive 
volutions. The chomata are massive, high, and symmetrical. 
In the inner volutions the chomata merge with heavy second
ary deposits that extend to the poles on the floors of the 
chambers. In the outer volutions secondary deposits form 
coatings on the floor of the chambers that become lighter in 
consecutive volutions. Other secondary deposits infill 
septal loops in inner volutions and coat septal loops adja
cent to the tunnel in outer volutions.

Discussion. Triticites sp. B resembles T. pinguis 
Dunbar and Skinner, but the latter species has a larger 
proloculus and less intense septal fluting across the test. 
T. plummeri plummeri Dunbar and Condra has more volutions, 
a thinner wall, lighter chomata and a smaller proloculus 
than T. sp. B.



114
Occurrence. The specimens examined are from unit 48 

(Upper Virgilian) at White River and are associated with T. 
cf. T. creekensis Thompson, T. cf. T. imperialis Kauffman 
and Roth, and Schubertella king! Dunbar and Skinner.

Triticites sp. C
Fig. 33, no. 5, Fig. 34, nos. 1-2 

Append. 1-65
Description. Large fusiform tests of 7 to 7 1/2 

volutions attain a length of 8.30 mm and a width of 2.80 mm. 
The straight lateral slopes terminate in narrowly rounded to 
bluntly rounded poles. The test is uniformly coiled, elon
gating rapidly after the third volution. The septa are 
folded in the polar areas and may be slightly folded across 
the first two volutions. The septa are straight to slightly 
undulating across the midplane of the test after the third 
volution. The two-layered wall has a thin tectum and a 
moderately thick keriotheca. The slightly irregular tunnel 
is narrow in the inner volutions and widens rapidly in the 
outer volutions. The chomata are asymmetrical with irregu
lar profiles. Secondary deposits fill septal loops in the 
inner volutions and irregularly coat the floors of the cham
bers poleward from the chomata.

Discussion. Triticites collus Burma resembles T. 
sp. C, but has a smaller proloculus, heavier chomata and a 
curved axis of coiling. T. gilaensis Ross has more fluting,
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heavier chomata and a smaller proloculus. T. confertoides 
Ross is more thickly fusiform with more septal fluting and 
symmetrical chomata.

Occurrence. The specimens examined are from unit 28 
(Upper Virgilian) at White River, where they are associated 
with T. cf. T. confertoides Ross.

Triticites sp. D 
Fig. 34, no. 3; Append. 1-66

Triticites sp. C KAUFFMAN and ROTH, 1966, p. 32-33, pi. 7,
" figs. 1-3.

Description. Minute fusiform tests of 5 volutions 
attain a length of 1.70 mm and a width of 0.94 mm. The 
spherical proloculi range from 0.08 to 0.10 mm in outside 
diameter. The lateral slopes are straight, ending in 
bluntly rounded poles. The test expands uniformly during 
growth. The septa are intensely fluted in the polar areas, 
becoming moderately fluted across the chambers. The spiro- 
theca is thick for so small a fusulinid and is composed of a 
tectum and a keriotheca. The tunnel is slightly irregular 
and expands uniformly. The chomata are asymmetrical and 
massive, reaching one-half the height of the chambers.

Discussion. Triticites sp. D is more elongate with 
more septal fluting than T. sp. A. T. pierciae Kauffman and 
Roth is larger with a larger proloculus.
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Occurrence. Triticites sp. D has been reported as 

T. sp. C by Kauffman and Roth from the Virgilian of north- 
central Texas. The specimens examined are from unit 42 
(Middle Virgilian) at White River, where they are associated 
with T. bensonensis and Schubertella kingi.

Genus DUNBARINELLA Thompson, 1942
Dunbarinella ervinensis Thompson
Fig. 34, nos. 4-5; Append. 1-67

Dunbarinella ervinensis THOMPSON, 1942, p. 416-420, pi. 3, 
figs. 1-9; KAUFFMAN and ROTH, 1966, p. 13-14, pi. 2, 
figs. 24-26.

Description. Elongate fusiform tests of 9 volutions 
attain a length of 6.30 mm and a width of 2.20 mm. The 
spherical proloculi range from 0.05 to 0.06 mm in outside 
diameter. The tests are cylindrical in the medial portions 
with straight to slightly convex lateral slopes, ending in 
small rounded poles. Inner volutions are elongate and tight
ly coiled, expanding uniformly after the fourth volution to 
become more fusiform. The septa are regularly spaced and 
intensely folded into symmetrical loops that reach the tops 
of the chambers. The septal folds become less intense and 
irregularly spaced across the middle of the outer volutions. 
The thin spirotheca in the inner volutions consists of a 
tectum and lower layer. The alveolar nature of the kerio- 
theca becomes visible after the fifth volution and the wall 
increases markedly in thickness in succeeding volutions to
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become very thick in the ninth volution with a well devel
oped tectum and keriotheca. The keriotheca is thickest 
across the middle of the chambers and thins slightly toward 
the poles. The irregular tunnel is narrow in the inner 
volutions and expands rapidly in the outer volutions. Chom- 
ata are low and asymmetrical in inner volutions where they 
flow laterally to merge with axial deposits. In outer volu
tions they become irregular in size and shape and may thick
en septa to overhang the tunnel or coat septal loops to form 
pseudochomata. Secondary deposits along the axis are heavy 
in inner volutions, becoming slightly lighter in outer volu
tions and absent in the last volution. Secondary deposits 
may fill septal loops except in the last volution, and a 
secondary layer coats the floors of the chambers poleward 
from the tunnel, but is generally absent from the floor of 
the tunnel.

Discussion. Dunbarinella ervinensis Thompson is 
larger and more elongate than D. cf. D. skinneri, with a 
wider tunnel.

Occurrence. Dunbarinella is confined to the Virgil- 
ian and unnamed species have been reported in Arizona from 
the Whetstone Mountains (Ross and Tyrrell, 1965, p. 628) , 
and Superior (Reid, 1968, p. 115). The specimens examined 
are from unit 39 (Middle Virgilian) at White River.
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Dunbarinella cf. D. skinneri Kauffman and Roth 

Fig. 35, nos. 1-4; Append. 1-68
Dunbarinella skinneri KAUFFMAN and ROTH, 1966, p. 9-10, pi.

2, figs. 1-10.
Description. Thickly fusiform tests of 9 volutions 

attain a length of 5.00 mm and a width of 2.60 mm. The 
spherical proloculi range from 0.06 to 0.09 mm in outside 
diameter. The tests have a subcylindrical medial portion 
with straight to slightly convex lateral slopes ending in 
small rounded poles. The inner volutions are tightly coiled 
becoming more loosely coiled and increasing markedly in 
height in the outer four volutions. The septa are intensely 
folded into high loops that may reach the full height of the 
chambers. The fluting is regular in inner volutions and ex-

t
tends across the chambers in all volutions becoming more - 
irregularly spaced in the outermost volution. The spirothe- 
ca is thin in the first five volutions with a thick tectum 
and less dense lower layer. Alveoli become distinct after 
the fifth volution. The spirotheca in the outer volutions 
is composed of a tectum and a thick keriotheca that is of 
uniform thickness in the outer three volutions and thins 
slightly toward the poles. The straight to slightly irreg
ular tunnel expands slowly and regularly. The chomata are 
low and asymmetrical in the inner volutions and extend lat
erally into axial deposits. In the outer volutions the 
chomata become symmetrical to irregular and increase in
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height. The secondary deposits are heavy in the axial area, 
completely obscuring polar areas in all but the last volu
tion. Toward the tunnel the septal loops are infilled with 
secondary deposits, becoming lighter adjacent to the tunnel. 
The last volution exhibits less secondary deposits on the 
septa. The chamber floors are covered by a secondary layer 
that is very thin to absent in the tunnel and extends lat
erally from the chomata into axial deposits.

Discussion. The specimens examined are more thickly 
fusiform than Dunbarinella skinneri Kauffman and Roth, but 
agree closely in all other respects to the description and 
illustrations given by them. D. cf. D. skinneri is more 
thickly fusiform with a narrower tunnel and heavier axial 
deposits than D. ervinensis Thompson.

Occurrence. The specimens examined are from unit 
39 (Middle Virgilian) at White River.



Order Conodontiphorida 
Genus ADETOGNATHUS Lane, 1967 

Adetognathus gigantus (Gunnell)
Fig. 36, nos. 1-6

Cavusgnathus gigantus GUNNELL, 1933, p . 286, pi. 33, figs.
7-8; ELLISON, 1941, p. 126, pi. 21, figs. 44, 45, 
and 49.

Adetognathus giganta (Gunnell). LANE, 1967, pi. 120, figs.
16, 18, 19, pi. 121, figs. 8, 12, 13, and 16.

Description. The platform is long, lanceolate and 
posteriorly rounded in large specimens, and pointed in small 
specimens. The parapets are ornamented by transverse ridges 
that are closely spaced and become obsolete in the deep oral 
trough. The outer parapet is higher than the inner parapet 
in smaller specimens, becoming more equal with growth. In 
oral view this species is straight to slightly bowed, convex 
outward. The inner parapet may be slightly sinuous in out
line due to flaring of the platform posteriorly. The outer 
parapet extends to a moderately short blade that is fixed 
for up to half its length. The blade bears six closely 
spaced, laterally compressed denticles, the posterior one of 
which is large and rises abruptly above the level of the 
platform and points posterior. In lateral view, the blade 
may be slightly arched down from the platform, especially in 
smaller specimens. The aboral attachment scar is widely

120
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flared, long, moderately deep, and asymmetrical. The spe
cies is exclusively right handed.

Discussion. The smaller specimens have a longer 
platform and narrower parapets than the larger specimens. 
Cavusgnathus area Sturgeon and Youngquist, resembles Adeto- 
gnathus gigantus (Gunnell), but the former is more strongly 
arched orad. A. gigantus is distinguished from most other 
species of Adetognathus by the presence of the large poster
ior denticle.

Occurrence. This species is known to range from 
uppermost Chesterian to Wolfcampian (Lane, 1967, p. 932). 
Reid (1968, p. 118) reported this species from the Middle 
Derryan to Lower Missourian at Superior, Upper Derryan to 
Lower Missourian at Coolidge Dam, Middle Derryan to Middle 
Desmoinesian at Winkelman, and Desmoinesian in the Waterman 
Mountains. Micklin (1969, p. 137) reported it from Morrowan 
to Missourian in the northern Dragoon Mountains. The speci
mens examined are from units 17 to 120 (Middle Desmoinesian 
to Lower Missourian) at the Salt River Canyon, units 10 to 
63 (Middle Desmoinesian) at Black River, and units 4 to 13 
(Lower Virgilian) at White River. This species is rare in 
the Virgilian beds at White River.

Material studied. 79 specimens.
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Adetognathus lautus (Gunnell)

Fig. 36, nos. 7-11
Cavusgnathus lautus GUNNELL, 1933, p. 286, pi. 31, figs. 67- 

68 (non pi. 23, fig. 9 = Adetognathus missouriensis 
(Gunnell)]; ELLISON, 1941, p. 126, pi. 21, figs. 47-48. 

Adetognathus lauta (Gunnell). LANE, 1967, p. 933, pi. 121, 
figs. 1-5, 7, 10, 11, 15, 17, and 18.

Description. The platform is long, lanceolate, and 
posteriorly pointed. The regular parapets are ornamented by 
transverse ridges that are closely spaced and become obso
lete in the oral trough. The inner parapet may be higher 
than the outer parapet. The outer parapet continues into a 
moderately short blade than may be fixed up to one-fourth of 
its length. The blade bears 4 to 7 laterally compressed 
denticles that are highest at the midpoint of the blade, but 
do not reach very high above the level of the platform. In 
oral view the specimens are slightly bowed, convex outward; 
in lateral view they are nearly straight. The aboral attach
ment scar is long, shallow, and asymmetrical. In whole 
specimens it is wide, with more flaring on the outer side. 
This species is exclusively left handed.

Discussion. Adetognathus missouriensis (Gunnell) 
resembles A. lautus, but the former is exclusively right 
handed. A. lautus lacks the large posterior denticle of A. 
gigantus. A. sp. A is exclusively right handed, and A. sp.
B has a longer blade and smaller platform than A. lautus.
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Occurrence. This species ranges from the Morrowan 
to Wolfcampian throughout much of the United States. In 
Arizona, Reid (1968, p. 120) reported it from Middle Derryan 
to Virgilian at Coolidge Dam, Middle Derryan to Middle Des- 
moinesian at Winkelman, and Desmoinesian in the Waterman 
Mountains. Micklin (1969, p . 137) reported it from the 
Morrowan to the Missourian in the northern Dragoon Mountains. 
The specimens examined are from units 2 to 42 (Lower Virgil
ian to Middle Virgilian) at White River, units 10 to 63 
(Desmoinesian) at Black River, and units 13 to 120 (Middle 
Desmoinesian to Lower Missourian) at the Salt River Canyon.

Material studied. 123 specimens.

Adetognathus missouriensis (Gunnell)
Fig. 36, nos. 12-13, Fig. 37, nos. 1-4

Cavusgnathus missouriensis GUNNELL, 1933, p. 286, pi. 33, 
figs. TO, 11.

Cavusgnathus lauta Gunnell. ELLISON, 1941, p. 126. 
Adetognathus missouriensis (Gunnell). LANE, 1967, p. 934.

Description. The small narrow platform has an 
acutely pointed posterior. The parapets are nearly equal in 
height and are ornamented by transverse ridges that become 
obsolete in the deep, narrow, oral trough. The outer para
pet continues into a blade that is up to three-fourths as 
long as the platform. The blade may be either free or fixed 
for up to one-fourth of its length. The blade bears 6 to 7 
laterally compressed denticles that rise above the level of



124
the platform and are nearly equal in height. In oral view 
the species may be bowed slightly, convex outward, with a 
slightly sinuous inner parapet in some specimens. In lat
eral view it is straight to slightly arched orad. The ab- 
oral attachment scar is long, narrow, nearly symmetrical, 
and flares only slightly. This species is exclusively right 
handed.

Discussion. Adetognathus missouriensis (Gunnell) 
lacks the large posterior denticle of A. gigantus (Gunnell). 
A. lautus (Gunnell) is left handed, and A. sp. A has a blade 
that is not continuous with the outer parapet. A. sp. B has 
a longer, free blade and a smaller platform than A. miss
ouriensis .

Occurrence. Micklin (1969, p. 141) reported this 
species from strata of Middle and Upper Desmoinesian age in 
the northern Dragoon Mountains. Reid (1968, p. 122) repor
ted it from the Lower Missourian to Middle Virgilian at 
Superior and Coolidge Dam. The specimens examined are from 
units 111 to 113 (Lower Missourian) at the Salt River Can
yon, units 56 to 63 (Desmoinesian) at Black River, and units 
2 to 42 (Lower to Middle Virgilian) at White River.

Material studied. 37 specimens.
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Adetognathus cf. A. spathus (Dunn)

Fig. 37, nos. 5-9
Cavusgnathus spatha DUNN, 1966, p. 1297, 1299, pi. 157, 

figs. 3, 7, 8.
Adetognathus lauta (Gunnell). LANE, 1967, p. 933-934, pi. 

121, figs. 4, 5, 18.
Cavusgnathus spathus Dunn. WEBSTER, 1969, p. 28-29, pi. 4, 

figs. 1, 4, 5.
Adetognathus spathus (Dunn). DUNN, 1970, p . 327, pi. 61, 

figs. 11-13.
Description. The platform is small with parapets 

of equal height and ornamented with transverse ridges that 
become obsolete in the oral trough. Both parapets are 
slightly convex. The anterior blade is continuous with the 
inner parapet in left handed specimens and with the outer 
parapet in right handed specimens. The blade is fixed for 
a short distance. The anterior blade is moderately long and 
bears 5 laterally compressed denticles that increase in 
height anteriorly. The free posterior blade is short, con
tinuous with the outer parapet in left handed specimens and 
the inner parapet in right handed specimens. This blade 
bears 2 subround denticles, the posterior of which is the 
highest. In oral view the species is slightly bowed, con
cave outward. In lateral view it is straight. The aboral 
attachment scar is long, shallow, and slightly asymmetrical. 
This species is both right and left handed.

Discussion. The specimens agree in all respects to
Adetognathus spathus (Dunn) as described and illustrated by
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him, however Dunn described the species from Morrowan strata 
and these specimens are from considerably younger rocks.
A. cf. A. spathus is distinguished from all other species of 
Adetognathus by the presence of a free posterior blade.

Occurrence. This species is known from the Morrowan 
in Oklahoma, Nevada, and Utah (Dunn, 1970, p. 327). The 
specimens examined are from unit 116 (Lower Missourian) at 
the Salt River Canyon, and unit 10 (Lower Virgilian) at 
White River.

Material studied. 2 specimens.

Adetognathus sp. A 
Fig. 37, nos. 10-17

Description. The long, broad, lanceolate platform 
is narrowly rounded posteriorly. The parapets are broad, - 
equal in height, and ornamented with parallel transverse 
ridges that become obsolete in the shallow oral trough.
The blade joins the outer margin of the platform between 
the oral trough and the outer parapet. The outer parapet 
continues anteriorly for a short distance along the outer 
margin of the blade in larger specimens. The inner parapet 
may be slightly sinuous and extends anteriorly to fix the 
blade for up to one-fourth of its length. The blade bears 
7 to 10 laterally compressed denticles that increase in 
height anteriorly, attaining maximum height at the midpoint
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of the blade and decreasing in height on the anterior one- 
half. The posterior 2 to 3 denticles do not rise above the 
level of the parapets and may be fused. The blade is 
deflected down below the level of the platform. In oral 
view the specimens are bowed, convex outward. In lateral 
view they are arched orad and the platform flares out abrupt
ly from the attachment scar. The aboral attachment scar, 
where complete, is long, deepest at the anterior of the 
platform and flares markedly on the inner margin. The 
specimens examined are exclusively right handed.

Discussion. Small specimens of A. sp. A have nar
rower parapets and a deeper trough than larger specimens 
and the offset position of the blade on the outer margin 
becomes more apparent with growth. This species of Adeto- 
gnathus shows affinities to Streptognathodus elegantulus 
Stauffer and Plummer, and to Adetognathus missouriensis 
(Gunnell). They resemble Sy elegantulus in the more central 
placement of the blade and broad parapets in mature specimens. 
However, they do not have a centrally attached blade, medial 
carina, or the long blade typical of !5. elegantulus. A. 
missouriensis has a blade that is continuous with the outer 
parapet which A. sp. A does not.

Occurrence. The specimens examined are from units 
80 to 118 (Middle Desmoinesian to Lower Missourian) at the



Salt River Canyon and units 3 to 29 (Lower to Middle Vir- 
gilian) at White River.

Material studied. 48 specimens.

Adetognathus sp. B
Fig. 37, nos. 18-19, Fig. 38, nos. 1-3

Description. The small, very narrow platform is 
lanceolate and sharply pointed posteriorly. The narrow 
parapets are of equal height and ornamented by transverse 
ridges that disappear in the deep oral trough. The outer 
parapet continues as a long free blade that is as long or 
longer than the platform. The blade bears 8 to 11 laterally 
compressed discrete denticles that rise abruptly above the 
level of the platform. The denticles are markedly uneven in 
height, alternating low and high along the entire length of 
the blade. The blade may be deflected downward below the 
platform. In oral view this species is bowed, convex out
ward, and in lateral view it is slightly arched orad. The 
aboral attachment scar is long, shallow, and narrow. It is 
deepest and most widely flared below the conjunction of the 
blade and the platform. This species is both right and 
left handed.

Discussion. Adetognathus sp. B resembles A. lautus 
(Gunnell) and A. missouriensis (Gunnell), but has a longer 
free blade with higher denticles and a smaller platform than 
either of these two species. A. sp. B of Reid (1968, p.

128
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123-124) is exclusively left handed with denticles that in
crease in height anteriorly and a shorted platform. A. sp. 
A has a wider platform and the blade is not continuous with 
the outer parapet.

Occurrence. The specimens examined are from units 
2 to 40 (Lower and Middle Virgilian) at White River.

Material studied. 8 specimens.

Genus DECLINOGNATHODUS Dunn, 1966 
Declinognathodus lateralis (Higgins and Bouckaert)

Fig. 38, nos. 4-11
Streptognathodus lateralis HIGGINS and BOUCKAERT, 1968, 

p. 45, pi. 5, figs. 1-4, 7.
Declinognathodus lateralis (Higgins and Bouckaert). DUNN, 

1970, p. 330, pi. 62, figs. 5-7.
Description. The platform is moderately long, nar

row, lanceolate, posteriorly pointed to rounded and widest 
across the anterior one-third. The oral surface is deeply 
concave with a deep medial trough. The 6 to 10 transverse 
ridges become obsolete in the oral trough. The blade is 
equal in length to the platform and extends below the level 
of the platform anteriorly. It bears 7 to 9 laterally 
compressed denticles that increase gradually in height to 
the anterior one-third of the blade and then decrease in 
height. The blade joins the platform in a medial position 
and continues posteriorly as a carina. The carina occupies 
a medial position for one-fourth to one-half the length of
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the platform and then is deflected toward the outer margin 
where it continues as a fused nodose carina for the remain
ing length of the platform or becomes completely fused with 
the outer margin. The blade is set off from the platform 
by deep, short sulci that continue posteriorly. The inner 
sulcus continues into the oral trough and the outer sulcus 
terminates with the deflection of the carina. The outer 
margin continues anteriorly from the deflection of the ca
rina as a nodose margin. In lateral view the platform is 
arched orad. The aboral attachment scar is long, shallow, 
widely flared on the outer margin and continues anteriorly 
as a narrow groove along the base of the blade.

Discussion. The genus Declinognathodus shows affin
ities to the genera Adetognathus, Idiognathodus and Strepto- 
gnathodus. The medial position of the blade is similar to 
that of Streptognathodus, the deflection of the blade on the 
platform gives rise to two parapet like margins characteris
tic of Adetognathus and some specimens described by Dunn 
(1970, p. 330) exhibit an infilling of the oral trough of 
the platform making them similar to Idiognathodus.

Webster (1969, p. 48-49) questioned the validity of 
the genus Declinognathodus and concluded that the type spe
cies, Cavusgnathus noduliferus Ellison and Graves should be 
assigned to the genus Streptognathodus. Dunn (1970, p . 330) 
included the Streptognathodus noduliferus of Webster in his
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synonomy of Declinognathodus noduliferus. For the purpose 
of this paper Declinognathodus will be considered a valid 
genus.

Declinognathodus noduliferus (Ellison and Graves) 
has more nodose outer margins than D. lateralis (Higgins and 
Bouckaert) and the carina of the former is deflected more 
anteriorly and fuses completely with the outer margin.

Occurrence. This species is known from the Morrowan 
of Texas, Oklahoma and Nevada (Dunn, 1970, p. 330). The 
specimens examined are from units 10 to 19 (Middle Desmoin- 
esian) at Black River.

Material studied. 15 specimens.

Genus DIPLODODELLA Ulrich and Bassler, 1925 
Diplododella cf. D. alternata Branson and Mehi 

Fig. 38, nos. 12-14
Diplododella alternata BRANSON and MEHL, 1933, p. 204, pi.

16, figs. 23-24; MURRAY and CHRONIC, 1965, p. 597, pi.
73, figs. 1-2.

Description. The anterior arch is bladelike, bowed 
forward slightly, nearly straight across when viewed poster
iorly, and bears 4 to 5 large, subcircular denticles that 
curve posteriorly. The large apical denticle is subcircular 
and is curved posteriorly. The posterior blade is broken. 
The aboral attachment scar is not visible.
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Discussion. The specimens examined are badly broken 

and definite identification is not possible, but they agree 
closely with the illustration of Diplododella alternata by 
Murray and Chronic. D. plana Murray and Chronic is distin
guished from D. cf. D. alternata by having anterior limbs 
which lie in the same plane and form a more acute angle.

Occurrence. This species is known from the Desmoin- 
esian of Colorado (Murray and Chronic, 1965, p. 597). The 
specimens examined are from unit 83 (Middle Desmoinesian) 
at the Salt River Canyon and units 28 and 29 (Middle Virgil- 
ian) at White River.

Material studied. 3 specimens.

Diplododella plana Murray and Chronic
Fig. 38, no. 15, Fig. 39, nos. 1-5

Diplododella plana MURRAY and CHRONIC, 1965, p. 597, pi. 73, 
figs. S’, 7.

Description. The anterior arch is thin and blade
like. Both limbs are in the same plane and form an angle of 
70 to 90 degrees. The anterior limbs bear two sets of den
ticles that are fused near the base and alternate between 
high and low. The denticles decrease in height toward the 
distal ends of the limbs and curve slightly posteriorly.
The posterior bar is thin, bladelike, and arched orad with 
the posterior end bending down below the level of the main 
bar. The denticles on the posterior bar are fused near the
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base and terminate in a large posterior denticle. All of 
the denticles on the posterior bar are curved posteriorly.
The large apical denticle is triangular in cross section and 
curves posteriorly. The shallow aboral attachment scar be
neath the apical denticle does not extend along the bars.

Discussion. Diplododella cf. D. alternata Branson 
and Mehl has anterior limbs that are nearly straight across 
when viewed from the anterior and are slightly bowed forward.

Occurrence. This species is known from the Desmoin- 
esian of Colorado (Murray and Chronic, 1965, p. 597) and in 
Arizona from the Upper Derryan through Lower Desmoinesian at 
Coolidge Dam and IVinkelman, and Lower Desmoinesian at the 
Waterman Mountains (Reid, 1968, p. 145). The specimens 
examined are from units 83 to 99 (Middle Desmoinesian to 
Lower Missourian) at the Salt River Canyon, unit 10 (Middle 
Desmoinesian) at Black River, and unit 29 (Middle Virgilian) 
at White River.

Material studied. 8 specimens.

Genus EUPRIONIODINA Bassler, 1925 
Euprioniodina sp. A 
Fig. 39, nos. 6-9

Description. The bar is subround in cross section 
and bent nearly 90 degrees inward behind the main cusp. The 
bar is broken but bears 9 round denticles that are fused at 
the base and are inclined outward at the point of greatest



134

curvature of the bar and are perpendicular to the bar else
where. The anticusp is deflected downward markedly and is 
slightly twisted at the anterior point. It bears 3 subround 
discrete denticles. The main cusp is lenticular with sharp 
edges along the axial plane of the anticusp. The main cusp 
is curved posteriorly. The aboral attachment scar forms a 
shallow cavity beneath the main cusp and continues as a fine 
groove along the bar and anticusp. This species is both 
right and left handed.

Discussion. Huddle (1968, p. 45) supresses Euprion- 
iodina as a junior homonym of Synprioniodina while Hass 
(1962, p. W50) recognizes it as a separate genus. While re
cognizing that its validity is in question, Euprioniodina is 
here treated as a separate genus. E. sp. A has a longer 
curved bar with more denticles than E. coronata Stauffer and 
Plummer and E. pulcella Youngquist and Downs has a straight 
bar. E. sp. A resembles Euprioniodina sp. of Murray and 
Chronic (1965, pi. 73, figs. 10, 11) but the latter has 4 to 
6 denticles on the anticusp and a larger main cusp.

Occurrence. This genus is known from the Desmoin- 
esian of Colorado (Murray and Chronic, 1965, p. 597). The 
specimens examined are from unit 99 (Lower Missourian) at 
the Salt River Canyon, unit 10 (Middle Desmoinesian) at 
Black River and unit 3 (Lower Virgilian) at White River.

Material studied. 4 specimens.
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Genus GNATHODUS Pander, 1856 

Gnathodus bassleri bassleri (Harris and Hollingsworth)
Fig. 39, nos. 10-15

Polygnathus bassleri HARRIS and HOLLINGSWORTH, 1933, p. 198, 
pi. 1, figs. 13a-e.

Polygnathus wapanuckensis HARLTON, 1933, p. 15, pi. 4, figs. 
13a-c (junior synonym of Polygnathus bassleri Harris 
and Hollingsworth).

Gnathodus wapanuckensis (Harlton). ELLISON and GRAVES, 1941, 
p. 2, pi. 2, figs. 13-17.

Gnathodus bassleri bassleri (Harris and Hollingsworth).
CANE, 1967, p. 395, pi. 120, figs. 1, 3-5, 9-12, 15, 
pi. 123, figs. 1-6.

Description. The platform is lanceolate, narrow to 
broad, with a sharply pointed to rounded posterior and is 
markedly asymmetric in oral view. The carina is close to 
and, parallels the inner margin and consists of separate 
nodes at the anterior of narrow specimens and fused nodes at 
the posterior. In broader specimens it consists entirely of 
fused nodes. The carina and inner margin are of equal 
height while the outer margin is higher. The margins are 
ornamented by coarse transverse ridges that continue to the 
bottom of the trough. The asymmetrical aboral attachment 
scar is deep and flared. It is deepest at the anterior end 
of the platform and most widely flared on the outer side.

Discussion. The blade of these specimens has been
broken off, but the nature of the platform is considered 
sufficient for species determination. Gnathodus bassleri
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symmetricus Lane is symmetrical in oral view with a carina 
that occupies the center of the trough.

Occurrence. This species is known from the Morrowan 
of Oklahoma and Arkansas (Lane, 1967, p . 929). In Arizona 
this species is known from the Middle to Upper Derryan at 
Superior, Lower Desmoinesian at Coolidge Dam, Upper Derryan 
at Winkelman (Reid, 1968, p. 126) and the Derryan through 
Middle Desmoinesian in the northern Dragoon Mountains 
(Micklin, 1969, p. 147). The specimens examined are from 
units 21 (Middle Desmoinesian) to 112 (Lower Missourian) at 
the Salt River Canyon. The specimens from the Salt River 
Canyon are abraded, probably from transportation.

Material studied. 4 specimens.

Gnathodus bassleri symmetricus Lane 
Fig. 39, nos. 16-18

Gnathodus bassleri symmetricus LANE, 1967, p. 935, pi. 120, 
figs’. 2, 13, 14, 17, pi. 121, figs. 6, 9.

Description. The small platform is symmetrical in 
oral view and rounded posteriorly with a carina that occu
pies the center of the trough and is composed of fused nodes. 
The margins and carina are of equal height and become lower 
posteriorly. The margins are ornamented by coarse trans
verse ridges that continue to the bottom of the trough. The 
carina continues anteriorly as a straight free blade, with 
14 denticles that increase in height anteriorly. In lateral
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view the specimen is straight. The aboral attachment scar 
is deepest posterior to the attachment of the blade and is 
widely flared with the greatest flaring on the outer side.
The scar continues as a groove along the blade for half its 
length.

Discussion. Gnathodus bassleri symmetricus Lane is 
distinguished from Gl. bassleri bassleri (Harris and Hollings
worth) by its symmetrical oral surface of G. bassleri 
symmetricus.

Occurrence. This species is known from the Morrowan 
of Arkansas (Lane, 1967, p . 936) and from the Derryan in 
Texas (Ellison and Graves, 1941, pi. 2, figs. 13-17). In 
Arizona, Reid (1968, p. 128) reported the species from the 
Middle Derryan at Superior and the Lower Desmoinesian at 
Coolidge Dam. Micklin (1969, p. 148) reported this species 
from Morrowan to Early Virgilian in the northern Dragoon 
Mountains. The single abraded specimen examined is from 
unit 28 (Middle Virgilian) at White River.

Material studied. 1 specimen.

Genus HIBBARDELLA Bassler, 1925 
Hibbardella acuta Murray and Chronic 

Fig. 40, nos. 1-4
Hibbardella acuta MURRAY and CHRONIC, 1965, p. 393, pi. 73, 

figs. 3-5.
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Description. The anterior bars are bladelike and 

form an angle of 40 degrees under the apical denticle when 
viewed anteriorly. Denticulate edges of the anterior arch 
are inclined anteriorly and the limbs do not lie in the 
same plane. Each anterior bar has six subrounded denticles 
that curve slightly posteriorly. The posterior bar bears 
numerous fine denticles on the anterior portion and 2 
large denticles with a small denticle between them on the 
posterior portion. The posterior termination of the bar is 
missing. The apical denticle is large and curved slightly 
posteriorly. The aboral attachment scar consists of an 
elliptical cavity beneath the apical denticle that is 
oriented parallel with the posterior bar.

Discussion. Hibbardella acuta Murray and Chronic 
differs from H. obtusa Murray and Chronic in that the latter 
lacks the posterior bar and the anterior bars form a larger 
angle when viewed anteriorly.

Occurrence. This species is known from the Desmoin- 
esian of Colorado (Murray and Chronic, 1965, p. 598) . In 
Arizona it is known from the Lower to Middle Desmoinesian 
at Superior (Reid, 1968, p. 146). The specimen examined is 
from unit 4 (Virgilian) at White River.

Material studied. 1 specimen.
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Hibbardella obtusa Murray and Chronic 

Fig. 40, nos. 5-7
Hibbardella obtusa MURRAY and CHRONIC, 1965, p . 598-599, pi.

73, figs. 8, 9.
Description. The two bars from an arch of 90 de

grees beneath the apical denticle and are elliptical in 
cross section. They increase in width toward the distal 
ends, with the distal ends being slightly arched posteriorly. 
Each bar bears 8 denticles that are small immediately adja
cent to the apical dentical and increase in size toward the 
distal ends. The denticles are curved posteriorly. The 
apical dentical is large and curved posteriorly. There is 
no evidence of a posterior bar. The aboral attachment scar 
beneath the apical denticle is small, circular and continues 
as two grooves along the aboral sides of the bars for a 
short distance.

Discussion. The specimens examined are very similar 
to Hibbardella obtusa Murray and Chronic except for the 
presence of grooves along the aboral side of the bars. It 
differs from H. obtusa as described by Reid (1968, p. 147) 
in that it lacks the posterior bar. It differs from H. 
acuta Murray and Chronic in that H. obtusa lacks the poster
ior bar and the bars form a larger angle beneath the apical
denticle.
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Occurrence. This species is known from the Desmoin- 

esian of Colorado (Murray and Chronic, 1965, p . 598). In 
Arizona Reid (1968, p. 147) reported this species from the 
Upper Derryan at Superior, Arizona. The specimens examined 
are from units 10 and 48 (Middle Desmoinesian) at Black 
River and units 38 and 47 (Middle Desmoinesian) at the Salt 
River Canyon.

Material studied. . 5 specimens.

Hibbardella subacoda (Gunnell)
Fig. 40, nos. 8-13

Prioniodus subacodus GUNNELL, 1931, p. 246, pi. 29, fig. 5. 
Idioprioniodus striatus GUNNELL, 1933, p. 265, pi. 32, figs.

36, 37.
Hibbardella subacoda (Gunnell). ELLISON, 1941, p. 118, pi.

20, Figs"! 22, 2*6.
Description. The superior denticle is large, long, 

and curved posteriorly with the greatest curvature near the 
base. In cross section it is round near the base, and near 
the terminus becomes compressed with longer lateral axis and 
sharp edges. The anterior side of the fang is smoothly 
rounded, posterior and lateral sides of the denticle are 
characterized by a shallow groove on the side that is deep
est near the base and dies out in the last one-third of the 
denticle. The anterior edges of the lateral grooves con
tinue as a sharp edge to the termination of the denticle.
The two anterior bars are broken but appear to be laterally 
directed at right angles in respect to the posterior bar and
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lie in the same plane. The posterior bar is broken. The 
aboral attachment scar is large, subtriangular and shallow 
with a deep subtriangular pit that continues as very narrow 
grooves along the lateral and posterior limbs. The attach
ment scar is slightly flared.

Discussion. Hibbardella subacoda (Gunnell) is dis
tinguished from H. acuta Murray and Chronic by the large 
subtriangular attachment scar and from H. obtusa Murray and 
Chronic by the attachment scar and presence of a posterior 
bar.

Occurrence. This species is known from the Desmoin- 
esian of Missouri and Kansas (Gunnell, 1931, p. 244) and 
the Desmoinesian, Missourian and Virgilian of Missouri and 
Kansas (Ellison, 1941, fig. 4). The specimens examined are 
from unit 86 (Lower Missourian) at the Salt River Canyon.

Material studied. 3 specimens.

Genus HINDEODELLA Ulrich and Bassler, 1925 
Hindeodella delicatula Stauffer and Plummer 

Fig. 41, nos. 1-4
Hindeodella delicatula STAUFFER and PLUMMER, 1932, p. 34, 

pi. 1, figs. 3, 7; MURRAY and CHRONIC, 1965, p. 509, 
pi. 72, figs. 1-6.

Description. The long bar is thin, oval in cross 
section and bears two series of denticles. The bar is 
straight in the mid-portion and bowed toward the anterior.
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The two series of denticles consist of a large set of free 
denticles and a set of smaller, partially fused denticles, 
that occur in groups of 4 to 6 between the larger denticles. 
The upper surface of the bar rises around the base of the 
large denticles and forms a concave surface between them in 
which the small denticles occur. The denticles point pos
terior and are slightly curved laterally. The extreme an
terior and posterior portions of the blades are missing.

Discussion. Hindeodella delicatula Stauffer and 
Plummer differs from H. diserata Stauffer and Plummer in 
that the former has a thinner bar, and more denticles with 
a more round cross section.

Occurrence. Hindeodella delicatula is known from 
the Upper Desmoinesian and Lower Missourian of Texas (Stauf
fer and Plummer, 1932, p. 34) and the Desmoinesian of 
Colorado (Murray and Chronic, 1965, p. 599) . In Arizona 
this species is known from the Lower Desmoinesian to Middle 
Virgilian at Coolidge Dam and Upper Derryan to Lower Des
moinesian at Winkelman (Reid, 1968, p. 149) and Morrowan 
through Virgilian in the Northern Dragoon Mountains (Micklin, 
1969, p. 176). The specimens examined are from units 83 
to 104 (Middle Desmoinesian to Lower Missourian) at the 
Salt River Canyon, units 10 to 48 (Middle Desmoinesian) at 
Black River and unit 5 (Lower Virgilian) at White River.

Material studied. 15 specimens.
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Hindeodella cf. H. megadenticulata Murray and Chronic

Fig. 41, nos. 5-6
Hindeodella mcgadenticulata MURRAY and CHRONIC, 1965, p .

600, pi. 72, figs. 31, 32.
Description. The bar is thick, ellipsoidal in out

line and bears 9 denticles posterior to the main anterior 
cusp. In oral view the bar denticles occur on the outside 
edge of the bar. The first five posterior to the main cusp 
are small and inclined posteriorly. Posterior denticles are 
large and are located in the center of the bar and are in
clined posteriorly. The blade anterior to the main cusp is 
curved inward and strongly deflected below the level of the 
posterior bar. It bears 6 subcircular denticles that are 
fused at the base and located on the outside edge of the bar. 
The main cusp is large, subcircular in outline and curved - 
posteriorly. The posterior portions of the bar are missing. 
The aboral attachment scar under the main cusp is small with 
a narrow groove extending along the posterior bar.

Discussion. The specimens examined lack the poster
ior portion of the bar, but agree in all respects to Hindeo- 
della megadenticulata as described and illustrated by Murray 
and Chronic (1965, p. 600). H. cf. H. megadenticulata is 
distinguished from H. cf. H. multidenticulata Murray and 
Chronic by the thicker bar and larger, more fused anterior 
denticles of the former species.
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Occurrence. Hindeodella megadenticulata is known 

from the Desmoinesian of Colorado (Murray and Chronic, 1965, 
p . 600). In Arizona it is known from the Middle Derryan to 
Lower Desmoinesian at Winkelman and Middle Desmoinesian to 
Lower Missourian at Coolidge Dam (Reid, 1968, p . 151) and 
Derryan to Middle Desmoinesian in the northern Dragoon Moun
tains (Micklin, 1969, p . 178). The specimens examined are 
from units 57 to 85 (Middle Desmoinesian) at the Salt River 
Canyon, and unit 4 (Lower Virgilian) at White River.

Material studied. 4 specimens.

Hindeodella cf. H. multidenticulata Murray and Chronic
Fig. 41, nos. 7-11

Hindeodella multidenticulata MURRAY and CHRONIC, 1965, p .
600, pi! HT, figs. 33,' 34.

Description. The bar is moderately thick, narrowly 
ellipsoidal is cross section and bears 6 to 11 laterally 
compressed denticles that are smaller immediately posterior 
to the main denticle and increase in size posteriorly. The 
denticles posterior to the main cusp are located in the out
side of the bar and gradually move to a central location in 
the posterior portions of the bar. The denticles are in
clined posteriorly. The bar anterior to the main cusp is 
curved inward and deflected downward below the level of the 
posterior bar and bears 5 moderately large denticles that 
are fused at the base. The main cusp is large, inclined
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slightly posteriorly and markedly curved inward. The pos
terior end of the bar is curved slightly inward and deflect
ed downward. The aboral attachment scar is oval beneath the 
main denticle and continues as a narrow groove along the 
base of the posterior bar.

Discussion. The specimens examined lack the large 
posterior denticle that distinguishes Hindeodella multiden- 
ticulata, but agree in all other aspects to the description 
and illustrations of Murray and Chronic. H. cf. H. multi- 
denticulata is distinguished from H. cf. H. megadenticulata 
by the smaller anterior denticles and thinner bar.

Occurrence. Hindeodella multidenticulata is known 
from the Desmoinesian of Colorado (Murray and Chronic, 1965, 
p. 600). In Arizona it is known from the Lower Desmoinesian 
to Lower Missourian at Coolidge Dam, Upper Derryan to Lower 
Desmoinesian at Winkelman (Reid, 1968, p. 152), and Derryan 
through Middle Desmoinesian in the northern Dragoon Mount
ains (Micklin, 1969, p. 180). The specimens examined are 
from unit 63 (Middle Desmoinesian) at Black River and unit
4 (Lower Virgilian) at White River.

Material studied. 6 specimens.
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Hindeodella spp.
Fig. 42, nos. 1-14

Numerous specimens of hindeodellids were observed in 
the great majority of insoluble residues. Most of these 
were fragments that were not identifiable due to their in
complete nature, but several specimens were found that were 
complete or nearly so and are here illustrated as Hindeo
della spp. Their great variety of forms encountered range 
from large heavy bar forms with large denticles to small 
blade forms with very small denticles.

Genus IDIOGNATHODUS Gunnell, 1931 
Idiognathodus delicatus Gunnell 

Fig. 43, nos. 1-10
Idiognathodus delicatus GUNNELL, 1931, o . 250, pi. 29, figs.

23-25; STAUFFER and PLUMMER, 1932,‘p. 46, pi. 4, fig.
19; ELLISON, 1941, p. 134, pi. 22, figs. 31-36.

Description. The platform is lanceolate, slender, 
long, posteriorly rounded to pointed with the greatest 
platform width on the anterior one-third across the two ac
cessory lobes. The oral surface of the platform is flat to 
slightly concave and ornamented by 4 to 12 continuous trans
verse ridges that are straight to slightly sinuous. Two 
accessory lobes are present in mature specimens, the inner 
lobe being larger than the outer lobe. Both lobes bear a 
variable number of nodes. The blade is equal to or slightly
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longer than the platform and bears up to 10 laterally com
pressed denticles that gradually increase in height anteri
orly and are fused at their bases posteriorly. The blade 
rises only slightly above the level of the platform at its 
anterior termination. The blade is continued posteriorly as 
a short carina on the anterior one-third of the platform and 
is set off from the platform by a lateral sulcus on each 
side that is deepest and most pronounced on the inner side. 
The sulci extend posteriorly along the anterior margins of 
the platform as free edges that separate the nodes from the 
rest of the platform. In oral view the specimens are 
straight to gently bowed, convex outward, and in lateral view 
they are straight to slightly arched orad. The aboral 
attachment scar is long, moderately deep, widely flared 
along the outer margin and in the anterior half of the inner 
margin. It continues along the posterior one-third of the 
blade as a narrow groove. This species is both right and 
left handed.

Discussion. Idiognathodus delicatus Gunnell as 
revised by Ellison (1941 p. 134-135) is characterized by 
two accessory lobes bearing nodes that are separated from 
the main body of the platform by free edges on the anterior 
portion of the platform. As noted by Reid (1968, p. 133) 
this species shows a great deal of variability in its 
characters, the most variable of which, in adult specimens,
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is the distinctness with which the accessory lobes are set 
off from the platform. meekerensis as described and
illustrated by Murray and Chronic lacks the distinct lobes 
and deep sulci of delicatus. The specimens examined of 
JT. delicatus and 1̂. meekerensis exhibit all stages of lobate 
development from distinct lobes, clearly set off from the 
platform of ly delicatus as described by Ellison (1941, p . 
134), to the accessory lobes that were poorly developed or 
absent of 1̂  meekerensis. The specimens here included in 
I_. delicatus exhibit distinct lobes and deep sulci. Imma
ture forms of this species have a narrow platform, long 
carina that extend posteriorly for half the length of the 
platform and one accessory lobe on the inside with one to 
three nodes. With growth, the outside accessory lobe is 
added and the carina becomes shorter. magnificus is
larger with a shorter and wider platform with accessory 
lobes that are not set off from the platform by a free edge.

Occurrence. This species is known to range in age 
from Early Desmoinesian through Middle Virgilian in the mid
continent, and in Arizona it is reported from strata of 
Upper Derryan to Lower Desmoinesian at Winkelman, Middle 
Derryan to Lower Missourian at Superior (Reid, 1968, p. 134) 
and Upper Derryan to Lower Missourian in the northern Drago
on Mountains (Micklin, 1969, p. 156) . The specimens exam
ined are from units 9 to 111 (Middle Desmoinesian to Lower
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Missourian) at the Salt River Canyon, units 10 to 57 (Middle 
Desmoinesian) at Black River, and units 3 and 4 (Lower 
Virgilian) at White River.

Material studied. 203 specimens.

Idiognathodus lobatus Gunnell 
Fig. 44, nos. 1-4, fig. 45, nos. 1-3

Idiognathodus lobatus GUNNELL, 1933, p. 271, pi. 31, figs.
17, 18; ELLISON, 1941, p. 136, pi. 23, figs. 9, 13.

Description. The large platform is subelliptical in 
outline with a rounded to pointed posterior with the great
est width on the anterior one-third across the accessory 
lobes. The oral surface is flat to slightly concave, orna
mented with transverse ridges that are slightly sinuous to 
discontinuous across the platform. The two accessory lobes 
are ornamented with large nodes. The inner lobe is larger 
than the outer lobe and it may occur anterior to the outer 
lobe. The blade is continued posteriorly as a short carina 
that may be represented by discrete nodes at its posterior 
termination. The blade is set off from the platform by 
sulci, the inner sulcus being deeper and more pronounced 
than the outer sulcus. The blade continues anterior from 
the platform and bears up to 8 small, laterally compressed 
denticles. The anterior portions of the blades are missing. 
In oral view the specimens curve slightly inward. In later
al view the specimens are gently arched orad. The aboral
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attachment scar is large and deep, being deepest posterior 
to the conjunction of the blade and platform with a deep 
groove extending from the posterior to the anterior of the 
scar. The scar is flared uniformly on the outer margin and 
is narrow on the inner posterior margin and widely flared 
beneath the inner accessory lobe. The basal cavity contin
ues as a narrow groove along the base of the blade.

Discussion. Idiognathodus lobatus Gunnell is dis
tinguished from delicatus Gunnell and magnificus 
Stauffer and Plummer in that I_. lobatus has a somewhat shor
ter, blunter platform with more sinuous transverse ridges 
and larger nodes on the accessory lobes. claviformis
Gunnell has a more blunt posterior and more discontinuous 
and nodose transverse ridges.

Occurrence. This species is known from the Missour
ian of Kansas and Missouri (Ellison, 1941, p. 136). The 
specimens examined are from unit 86 (Lower Missourian) at 
the Salt River Canyon where they occur with the first 
appearance of Triticites.

Material studied. 4 specimens.

Idiognathodus magnificus Stauffer and Plummer
Fig. 45, nos. 4-5, Fig. 46, nos. 1-3

Idiognathodus magnificus STAUFFER and PLUMMER, 1932, p. 46, 
pi. 4, figs'. 8, 18, 20; ELLISON, 1941, p. 135, pi. 23, 
figs. 2, 4, 7, 10.
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Description. The platform is long, lanceolate, 

posteriorly pointed and widest on the anterior one-third 
across the two accessory lobes. The oral surface of the 
platform is flat and ornamented by coarse parallel ridges 
that are continuous across the platform and slightly sinuous. 
The inner accessory lobe is larger than the outer lobe and 
bulges markedly inward. The outer accessory lobe is fused 
to the outer edge of the platform. The lobes are ornamented 
by nodes or nodes and ridges. The blade is continued pos
teriorly as a very short carina on the platform. The blade 
is set off from the platform by two deep sulci, the inner 
of which is larger, and both continue posteriorly as high 
free edges parallel to the carina and terminate at the pos
terior extension of the carina. The aboral attachment scar 
is long, widely flared, deepest at the anterior end of the 
platform, and most widely flared on the posterior half of 
the outside margin in complete specimens, and may exhibit 
radial crenulations outward from the deepest part of the 
scar. The blade is missing in the specimens examined. This 
species is both right and left handed.

Discussion. Idiognathodus magnificus Stauffer and 
Plummer has a wider platform, and the outer accessory lobe 
is not set off from the platform as in I_. delicatus Gunnell.

lobatus Gunnell has more sinuous transverse ridges and a 
shorter platform than 1̂. magnif icus.



152
Occurrence. This species is known from the Desmoin- 

esian and Missourian Series in the midcontinent, and in 
Arizona from the Middle Derryan to Lower Desmoinesian at 
Superior, Upper Derryan to Lower Desmoinesian at Winkelman, 
Upper Derryan to Lower Missourian at Coolidge Dam, Desmoin
esian in the Waterman Mountains (Reid, 1968, p. 136), and 
the Derryan through Lower Missourian in the northern Dragoon 
Mountains (Micklin, 1969, p. 157) . The specimens examined 
are from units 38 to 86 (Middle Desmoinesian to Lower Mis
sourian) at the Salt River Canyon.

Material studied. 8 specimens.

Idiognathodus meekerensis Murray and Chronic
Fig. 46, no. 4-8, Fig. 47, nos. 1-2

Idiognathodus meekerensis MURRAY and CHRONIC, 1965, p. 601- 
602, pi. 71, figs. 13-29.

Description. The platform is long, lanceolate, 
posteriorly pointed with the greatest width on the anterior 
one-third. The oral surface of the platform is flat and 
ornamented by 6 to 8 large transverse ridges that are com
plete from one margin to the other. The inner and outer 
anterior platform areas are ornamented by nodes, with more 
nodes on the inner side. The nodes occur in curved rows, 
convex toward the center of the platform. The blade is as 
long as the platform, and bears 8 laterally compressed den
ticles that continue posteriorly on the platform as a carina



for one-third the length of the platform. The blade is set 
off from the platform by shallow sulci that deepen anterior
ly and parallel the carina posteriorly. In oral view the 
specimens are slightly bowed, convex outward and in lateral 
view the platform is slightly arched orad and the blade is 
straight. The aboral attachment scar is deep, widely flared 
and deepest posterior to the junction of the blade and plat
form. The outer side of the scar flares most widely and may 
show one or two radial undulations on the outer margin. The 
attachment scar continues as a narrow groove along the base 
of the blade. This species is both right and left handed.

Discussion. Idiognathodus meekerensis Murray and 
Chronic resembles delicatus Gunnell, but lacks the two 
distinct lobes set off from the platform of the latter and 
the nodes of I_. meekerensis occur in rows that are convex 
toward the center which those of I_. delicatus are not.

Occurrence. Murray and Chronic (1965, p. 601-602) 
found this species in strata of Desmoinesian age in Colora
do. The specimens examined are from units 9 to 99 (Middle 
Desmoinesian to Lower Missourian) at the Salt River Canyon, 
and units 10 to 57 (Middle Desmoinesian) at Black River.

Material studied. 35 specimens.

153
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Idiognathodus sinuosus Ellison and Graves 

Fig. 47, nos. 3-8
Idiognathodus sinuosus ELLISON and GRAVES, 1941, p . 6,

pi. 3, fig. 22; DUNN, 1970, p. 332-334, pi. 63, figs.
3, 4.

Description. The platform is lanceolate, long, nar
row, posteriorly pointed, curved inward and widest on the 
anterior one-third across the single accessory lobe. The 
oral surface of the platform is arched aborally, flat anter
iorly, slightly concave posteriorly and ornamented by 8 to 
11 transverse ridges. The accessory lobe occurs on the 
inner side anterior to the junction of the blade and the 
platform and is ornamented by rows of nodes. The blade con
tinues posteriorly on the platform as a short carina and is 
set off from the platform by sulci, the outer one of which 
is shallower than the deep inner one and both continue for a 
short distance posteriorly as ridges that parallel the 
carina. The blade is broken off in the specimens examined. 
In oral view the specimens are arched, convex outward, and 
in lateral view are arched orad. The aboral attachment 
scar is long, deep and widely flared, deepest at the 
anterior part of the platform, widely flared on the outer 
margin and posterior one-half of the inner margin. It is 
radially crenulate outward from the deepest part in the 
inner side. It continues anteriorly as a narrow groove 
along the blade. This species is exclusively right handed.
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Discussion. Idiognathodus sinuosus Ellison and 

Graves closely resembles humerus Dunn, but the latter is 
exclusively left handed. 1̂. delicatus Gunnell has two ac
cessory lobes and 1̂. antiguus Stauffer and Plummer has a 
wider platform, less prominent accessory lobe, and is 
straight in oral view.

Occurrence. This species is known from the Derryan 
of Texas (Ellison and Graves, 1941, p. 6) and the Morrowan 
of Texas, Oklahoma, and Nevada (Dunn, 1970, p. 334). The 
specimens examined are from units 10 to 38 (Middle Desmoin- 
esian) at Black River.

Material studied. 7 specimens.

Genus LIGONODINA Ulrich and Bassler, 1925 
Ligonodina lexingtonensis (Gunnell)

Fig. 48, nos. 1-5
Prioniodus lexingtonensis GUNNELL, 1931, p. 246, pi. 29, 

fig. 4.
Ligonodina lexingtonensis (Gunnell). ELLISON, 1941, pi. 20, 

figs. 13-15; MURRAY and CHRONIC, 1965, p. 602, pi. 73, 
figs. 14, 15.

Description. The main denticle is long, curved pos
teriorly, ellipsoidal in cross section with sharp anterior 
and posterior edges and a shallow groove extending upward 
from the base on the posterior edge of the main denticle. 
Anterior limb is short, curved inward and deflected down
ward bearing two laterally compressed denticles that curve
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posteriorly. The posterior limb is not complete, but has 
at least two subcircular denticles that are slanted poster
iorly. The aboral attachment scar is shallow and elliptical 
with a deep elongate median pit under the main denticle that 
continues as a narrow groove along the base of the anterior 
and posterior limbs.

Discussion. Ligonodina lexingtonensis (Gunnell) is 
distinguished from _L. typa (Gunnell) by the obtuse angle 
formed by the anterior and posterior limbs, whereas the 
limbs of L. typa form a right angle.

Occurrence. This species ranges from the Desmoin- 
esian to the Virgilian in the midcontinent (Ellison, 1941, 
fig. 4), the Desmoinesian of Colorado (Murray and Chronic, 
1965, p. 594), and in Arizona it is known from the Desmoin
es ian at Winkelman, the Lower Desmoinesian at Coolidge Dam, 
Middle Virgilian at Superior (Reid, 1968, p. 154-155) , and 
the Late Desmoinesian in the northern Dragoon Mountains 
(Micklin, 1969, p. 182). The specimens examined are from 
unit 86 (Lower Missourian) at the Salt River Canyon and unit 
4 (Lower Virgilian) at White River.

Material studied. 9 specimens.



Genus METALONCHODINA Branson and Mehl, 1941 
Metalonchodina cf. M . fragilis Murray and Chronic

Fig. 48, nos. 6-8
Metalonchodina fragilis MURRAY and CHRONIC, 1965, p. 605, 

pi. 73, figs. 19, 20.
Description. The anterior bar is thin, narrowly 

ellipsoidal in cross section, arched aborally and curved 
slightly inward, bearing 6 anterior denticles that are dis
crete and curved inward and posteriorly. At the anterior 
one-third of the anterior bar the denticles are in the 
middle of the bar and posteriorly they move to the outside 
of the bar. The main cusp is located above the aboral cav
ity and is only slightly larger than the anterior denticles. 
The posterior bar is laterally compressed and deflected out
ward at its terminus. The single posterior denticle is 
large, laterally compressed and inclined slightly poster
iorly and inward. The aboral attachment scar is located on 
the inner side beneath the apical denticle, is shallow, 
ellipsoidal and extends as a shallow groove along the anter
ior and posterior bars. It is slightly flared outward on 
the inner side.

Discussion. The specimens examined have a shallower 
attachment scar than Metalonchodina fragilis as described by 
Murray and Chronic (1965, p. 605), but agree closely in all 
other respects to their description and illustrations.

157
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M. bidenta (Gunnell) does not have the distinctly discrete 
denticles on the anterior bar that characterize M. cf. M. 
fragilis.

Occurrence. Murray and Chronic (1965, p. 605) 
report this species from the Desmoinesian of Colorado. The 
specimens examined are from units 83 and 97 (Middle Desmoin
esian to Lower Missourian) at the Salt River Canyon.

Material studied. 2 specimens.

Genus NEOPRIONIODUS Rhodes and Muller, 1956
Neoprioniodus cf. N. loxus Rexroad
Fig. 48, nos. 9-10, Fig. 49, nos. 1-2

Neoprioniodus loxus REXROAD, 1957, p . 34-35, pi. 2, figs. 8, 
9, 14; REXROAD and BURTON, 1961, p. 1155, pi. 140, fig. 
12; REXROAD and FURNISH, 1964, p. 674, pi. Ill, fig.
26; WEBSTER, 1969, p. 39, pi. 7, fig. 12.

Description. The posterior bar is long, thin, 
slightly arched and bowed, bearing 7 to 9 laterally com
pressed sharp denticles that are fused near the base and un
equal in size. The anterior terminal denticle is long, 
large, laterally compressed and bowed inward. The anterior 
base of the anterior denticle is slightly deflected aborally 
to form an angle of 90 degrees or greater with the posterior 
bar. The aboral attachment scar is asymmetrical, shallow, 
flared inward with a deep conical pit beneath the anterior 
denticle. The attachment scar continues as a shallow groove 
along the anterior and posterior bars.

L
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Discussion. The specimens examined agree with Neo- 

prioniodus loxus Rexroad as described and illustrated by 
him, but these specimens are considerably younger than those 
described by Rexroad. Neoprioniodus loxus Rexroad differs 
from N. camurus Rexroad in that the latter has a posterior 
bar that is bent sharply inward posterior to the anterior 
denticle. This species also resembles Synprioniodina denti- 
camura Rexroad and Liebe, but Z3. denticamura has denticles 
that are fused at the base, which Neoprioniodus loxus lacks.

Occurrence. This species is known from the Ches- 
terian (Mississippian) in Illinois (Rexroad, 1957, p. 34) 
and in Iowa (Rexroad and Furnish, 1964, p. 674). The speci
mens examined are from units 85 to 113 (Middle Desmoinesian 
to Lower Missourian) at the Salt River Canyon, units 19 to 
52 (Middle Desmoinesian) at Black River and units 3 to 42 
(Lower to Middle Virgilian) at White River.

Material studied. 12 specimens.

Genus OZARKODINA Branson and Mehl, 1933 
Ozarkodina cf. 0. curvata Rexroad

Ozarkodina curvata REXROAD, 1958, p. 24-25, pi. 4, figs.
1-3; REXROAD and BURTON, 1961, p. 1156, pi. 141, figs.
13-14; WEBSTER, 1969, p. 42, pi. 7, fig. 10.

Description. The blade is thin, strongly arched 
and laterally bowed anteriorly, slightly arched anteriorly. 
The point of greatest flexure is just posterior to the main
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denticle. The downward deflected anterior limb bears 2 to 
4 laterally compressed, partially fused denticles that in
cline posteriorly and decrease in size anteriorly. The pos
terior blade bears 7 to 9 laterally compressed, posteriorly 
inclined denticles that are fused for one-half their height, 
are of varying size, and decrease slightly in size posterior
ly. The main denticle is large, laterally compressed and 
posteriorly inclined. The aboral attachment scar is poster
ior to the main denticle and elliptical with flared outer 
margin and a deep pit that is inclined anteriorly and ter
minated beneath the main denticle. It continues as a pro
nounced groove along the posterior bar and as a narrower 
groove along the anterior bar.

Discussion. The specimens examined had a slightly 
longer posterior blade than those illustrated by Rexroad 
(1958, pi. 4, figs. 1-3) and are considerably younger in 
age, but agree closely with his description and illustra
tions. Ozarkodina curvata Rexroad is distinguished from all 
other species of Ozarkodina by the bowed and arched anterior 
blade.

Occurrence. This species is known from the 
Chesterian of Illinois (Rexroad, 1958, p. 25) and from the 
Middle to Late Mississippian throughout North America (Web
ster, 1969, p. 42). The specimens examined are from units 
11 to 85 (Middle Desmoinesian) at the Salt River Canyon,



units 27 to 48 (Middle Desmoinesian) at Black River, and 
unit 18 (Lower Virgilian) at White River.

Material studied. 13 specimens.

Ozarkodina delicatula (Stauffer and Plummer)
Fig. 49, nos. 7-11

Bryantodus delicatus STAUFFER and PLUMMER, 1932, p. 29, pi.
2, fig. 27.

Ozarkodina delicatula (Stauffer and Plummer). ELLISON,
1941, p. 108-111, 120, pi. 20, figs. 40-42, 47; MURRAY 
and CHRONIC, 1965, p. 605, pi. 75, figs. 26, 27;

. WEBSTER, 1969, p. 42-43, pi. 7, fig. 11.
Description. The blade is long, thin, slightly ab- 

orally arched and thickest at the base of the denticles.
The anterior limb bears 7 to 11 laterally compressed denti
cles that are fused at the base and inclined posteriorly.
The anterior denticles are subequal in size and decrease in 
height at the anterior end of the blade. The posterior 
blades were usually broken with complete ones bearing 6 to 8 
laterally compressed, partially fused denticles that point 
posteriorly. The main denticle is 2 to 3 times as large as 
the other denticles and inclined posteriorly. The aboral 
attachment scar beneath the main denticle is elliptical with 
a deep pit and slightly flared outer margin. It continues 
posteriorly and anteriorly as a groove that narrows abruptly 
away from the pit. The aboral edge is narrow anterior and 
posterior from the elliptical attachment scar.

161
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Discussion. Ozarkodina delicatula (Stauffer and 

Plummer) closely resembles 0. lauta Youngquist and Downs, 
but has more anterior denticles and a sharper aboral margin 
than the latter. The specimens examined have fewer denti
cles than 0. delicatula as described by Ellison, but agree 
in all other respects to his description and illustrations.

Occurrence. This species is known from the Derryan 
of Texas (Ellison and Graves, 1941, p. 3) and Desmoinesian 
through Virgilian in the midwest (Ellison, 1941, fig. 4).
In Arizona Reid (1968, p. 161) reported this species from 
Middle Derryan to Lower Desmoinesian at Superior, Lower Des- 
moinesian at Winkelman, Desmoinesian at Coolidge Dam, and 
Lower Desmoinesian in the Waterman Mountains. The specimens 
examined are from units 86 to 99 (Lower Missourian) at the 
Salt River Canyon, units 10 to 50 (Middle Desmoinesian) at 
Black River, and unit 28 (Middle Virgilian) at White River.

Material studied. 13 specimens.

Ozarkodina spatula Dunn 
Fig. 50, nos. 1-6

Ozarkodina spatula DUNN, 1970, p. 338, pi. 62, figs. 27, 28.
Description. The blade is short, thin, gently 

arched. The anterior limb bears 3 to 5 laterally compressed 
denticles that are fused one-half to two-thirds their length, 
and inclined posteriorly. The posterior limb is thin and
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bears 4 to 7 laterally compressed denticles that point pos
teriorly. The size of the posterior denticles is variable. 
Some specimens have denticles of equal size and others have 
3 larger terminal posterior denticles. The main denticle is 
large and inclined posteriorly. The aboral attachment scar 
is a deep asymmetrical pit with slightly flaring margins 
beneath the apical denticle and a narrow groove along the 
base of the anterior and posterior limbs.

Discussion. Ozarkodina spatula Dunn is not as arch
ed and bowed as 0. curvata Rexroad, has fewer anterior den
ticles than 0. delicatula (Stauffer and Plummer) and has 
more fused anterior denticles and a shorter posterior blade 
than 0. sp. A.

Occurrence. This species is known from the Morrowan 
in Utah (Dunn, 1970, p. 338). The specimens examined are 
from units 38 to 99 (Middle Desmoinesian to Lower Missouri
an) at the Salt River Canyon, and units 10 to 42 (Middle 
Virgilian) at White River.

Material studied. 11 specimens.

Ozarkodina sp. A 
Fig. 50, nos. 7-11

Description. The long, thin blade is gently arched 
and bears 4 to 5 laterally compressed, sharp denticles on 
the anterior limb that are fused at the base, inclined

L



164
posteriorly and are equal in height. The posterior limb is 
longer than the anterior limb, thin posteriorly and bears 
2 series of laterally compressed, posteriorly inclined 
denticles that are fused at the base. The long, wide series 
of denticles alternates regularly with the short, thin 
denticles with 1 short denticle between 2 long ones. The 
main denticle is long, wide, and inclined posteriorly. The 
aboral attachment scar is a deep asymmetrical pit beneath 
the main denticle and continues anteriorly and posteriorly 
as a narrow groove.

Discussion. Ozarkodina sp. A resembles 0. spatula 
Dunn, but the latter has higher, more coalesced anterior 
denticles with a shorter posterior bar. 0. curvata Rexroad
is more strongly bowed, and 0. delicatula (Stauffer and 
Plummer) has more numerous denticles that are nearly equal 
in height.

Occurrence. The specimens examined are from unit 
85 (Middle Desmoinesian) at the Salt River Canyon, and units 
2 to 40 (Lower to Middle Virgilian) at White River.

Material studied. 13 specimens.



Genus SPATHOGNATHODUS Branson and Mehl, 1941 
Spathognathodus coloradoensis Murray and Chronic

Fig. 50, nos. 12-15
Spathognathodus coloradoensis MURRAY and CHRONIC, 1965, p .

606, pi. 72, figs. 11-13; WEBSTER, 1969, p. 44, pi.'
7, fig. 7.

Description. This species is minute with a thin, 
straight, short blade. The anterior half of the blade bears 
3 to 5 laterally compressed denticles that are fused at the 
base and sharp at their oral termination, and rise abruptly 
above the denticles on the posterior portion of the blade. 
The posterior portion of the blade bears smaller denticles 
that are fused at the base. Between the anterior and 
posterior portions of the blade there is a notch due to sup
pression of the denticles. The aboral attachment scar is 
located at the posterior half of the blade and is elliptical 
in outline, widely flared and deep, extending slightly an
teriorly where it rapidly becomes more shallow.

Discussion. Sweet (1970, p. 221-222) restricts the 
genus Spathognathodus to Kinderhookian and older conodonts, 
and includes the majority of younger forms previously as
signed to Spathognathodus to the genus Anchignathodus. He 
has assigned the three species reported here as Spathogna
thodus coloradoensis, S. cristulus and £. minutus to Anchi
gnathodus . The denticles on the posterior portion are
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usually missing in the specimens examined, but they agree in
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all other aspects to Spathogriathodus c o1or ad pensis as de
scribed by Murray and Chronic (1965, p. 606-607). Sy Colo
rado ens is is distinguished from small specimens of 
cristulus Youngquist and Miller and S. minutus Ellison by 
the lack of large anterior denticles and notch in the center 
of the blade in Sy coloradoensis.

Occurrence. This species is known from the Desmoin- 
esian of Colorado (Murray and Chronic, 1965, p. 607). In 
Arizona it has been reported from the Upper Derryan and 
Lower Desmoinesian at Winkelman, Lower Desmoinesian to Lower 
Missourian at Superior and Coolidge Dam, Desmoinesian at the 
Waterman Mountains (Reid, 1968, p. 169) and the Derryan to 
Late Desmoinesian in the northern Dragoon Mountains (Mick- 
lin, 1969, p. 189) . The specimens examined are from units 
10 to 49 (Middle Desmoinesian) at Black River, and unit 42 
(Middle Virgilian) at White River.

Material studled. 21 specimens.

Spathognathodus cristulus Youngquist and Miller
Fig. 50, no. 16, Fig. 51, nos. 1-4

Spathognathodus cristula YOUNGQUIST and MILLER, 1949, p.
621, pi. 101, figs. 1-3; REXROAD, 1957, p. 38, pi. 3, 
figs. 16, 17; REXROAD, 1958, p. 25, pi. 6, figs. 3, 4; 
REXROAD and BURTON, 1961, p. 1156, pi. 141, fig. 9; 
REXROAD and FURNISH, 1964, p. 674, pi. Ill, fig. 15.

Description. The blade is thin, slightly aborally 
arched, and bears 7 to 12 laterally compressed denticles 
that are thick, fused for one-half to two-thirds their
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height, and increase uniformly in height anteriorly. The 
anterior cusp is large, laterally compressed and is half 
again the height of the posterior denticles. The aboral 
attachment scar begins posterior to the large anterior 
denticle, is deep and widely flared with a small asymmet
rical pit that is inclined anteriorly. The scar becomes 
shallower posteriorly and becomes very narrow and shallow at 
the posterior end. Anteriorly it continues as a short 
narrow groove.

Discussion. Spathognathodus cristulus Youngquist 
and Miller resembles 5̂. minutus (Ellison) , but lacks the 2 
to 3 denticles anterior to the main cusp of the latter 
species.

Occurrence. This species is known from the Miss is- 
sippian (Rexroad and Furnish, 1964, p. 674). In Arizona 
this species has been reported from the Lower and Middle 
Desmoinesian at Coolidge Dam, Lower Desmoinesian at Winkel- 
man, Superior and the Waterman Mountains (Reid, 1968, p.
166, 167) and from the Derryan through Early Virgilian in 
the northern Dragoon Mountains (Micklin, 1969, p. 190). The 
specimens examined are from units 38 to 111 (Middle Desmoin
esian to Lower Missourian) at the Salt River Canyon, units 
10 to 63 (Middle Desmoinesian) at Black River and units 
1-42 (Lower Missourian to Middle Virgilian) at White River.

Material studied♦ 33 specimens.
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Spathognathodus minutus (Ellison)

Fig. 51, nos. 5-11
Spathodus minutus ELLISON, 1941, p. 120, pi. 20, figs.

51PT2.
Spathognathodus minutus (Ellison). ELLISON and GRAVES,

1941, p. 3; YOUNGQUIST and DOWNS, 1949, p. 169, pi. 30, 
fig. 4; MURRAY and CHRONIC, 1965, p. 606, pi. 72, figs. 
29, 30; DUNN, 1965, p. 1149, pi. 140, figs. 15, 21, 24; 
DUNN, 1970, p. 339, pi. 61, figs. 27, 30.

Description. The blade is thin, aborally arched, 
and posteriorly bears 7 to 12 laterally compressed, denti
cles that increase regularly in height anteriorly and are 
fused for three-fourths their height. The main denticle is 
large, laterally compressed and rises markedly above the 
posterior denticles. Anterior to the main denticle the blade 
bears 1 to 2 denticles that are reduced in height and fused 
for nearly their entire height, with sharp oral termina
tions. Posterior to the large denticle the aboral attach
ment scar is deep and widely flared with a deep pit anterior
ly that is inclined anteriorly and continues as a groove 
posteriorly along the attachment scar. The attachment scar 
continues anteriorly and posteriorly as a narrow groove 
along the blade.

Discussion. Spathognathodus minutus (Ellison) re
sembles cristulus Youngquist and Miller, but has denti
cles anterior to the main denticle that £. cristulus lacks.

Occurrence. This species ranges from Chesterian to
Wolfcampian. In Arizona it is known from the Lower
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Desmoinesian to Middle Missourian at Coolidge Dam, Middle 
Derryan to Lower Desmoinesian at Winkelman, Middle Derryan 
to Middle Virgilian at Superior, Desmoinesian in the Water
man Mountains (Reid, 1968, p . 168) and Middle Desmoinesian 
in the northern Dragoon Mountains (Micklin, 1969, p. 191) . 
The specimens examined are from units 85 to 113 (Lower 
Missourian) at the Salt River Canyon, unit 10 (Middle Des
moinesian) at Black River, and units 2 to 28 (Lower and 
Middle Virgilian) at White River.

Material studied. 22 specimens.

Genus STREPTOGNATHODUS Stauffer and Plummer, 1932 
Streptognathodus cancellosus (Gunnell)

Fig. 52, nos. 1-5
Idiognathodus cancellosus GUNNELL, 1933, p. 270, pi. 31, •• 

fig. 10.
Streptognathodus cancellosus (Gunnell). ELLISON, 1941, p. 

131, pi. 22, figs. 23, 26; ELLISON and GRAVES, 1941, 
p. 12, pi. 1, fig. 11.

Description. The platform is long, lanceolate, 
posteriorly pointed, widest on the anterior one-third across 
the two accessory lobes. The oral surface is slightly con
cave with a shallow median trough. The 9 transverse ridges 
are continuous across the trough where they are reduced in 
height, sinuous, and curve anteriorly. The blade is equal 
in length to the platform and bears 12 laterally compressed 
short denticles that increase in height anteriorly and
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continue posteriorly as a short carina on the anterior one- 
fourth of the platform. The blade is set off from the 
platform by 2 sulci that rapidly deepen anteriorly. The in
ner accessory lobe is the largest of the two and bears 7 
large nodes. In lateral view the platform is slightly 
arched orad and the blade is straight. The aboral attach
ment scar is long, deep at the anterior end, slightly 
flared and continues along the blade as a narrow groove.

Discussion. Streptognathodus oppletus Ellison, EL 
gracilis Stauffer and Plummer and Ŝ. simulator Ellison have 
only one accessory lobe. S. elegantulus Stauffer and Plum
mer has no accessory lobes, S. sulcatus Gunnell has a 
blunter platform and more deeply concave oral surface, and 
S. eccentrlcus Ellison has an oral trough that occurs on the 
inner side of the platform.

Occurrence. This species is known from the Desmoin- 
esian and Missourian of Kansas and Missouri (Ellison, 1941, 
fig. 4) and the Derryan of Texas (Ellison and Graves, 1941, 
p. 12). In Arizona it is known from the Lower Desmoinesian 
to Lower Missourian at Coolidge Dam and Superior, the Lower 
Desmoinesian at Winkelman, the Desmoinesian in the Waterman 
Mountains (Reid, 1968, p. 138) and the Desmoinesian in the 
northern Dragoon Mountains (Micklin, 1969, p. 134). The 
specimens examined are from unit 86 (Lower Missourian) at



the Salt River Canyon, and unit 26 (Lower Virgilian) at 
White River.

Material studied. 2 specimens.

Streptognathodus eccentricus Ellison 
Fig. 52, nos. 6-9, Fig. 53, nos. 1-2

Streptognathodus eccentricus ELLISON, 1941, p. 132-133, pi.
22, fig. 24.

Description. The platform is long, lanceolate, pos
teriorly pointed and widest on the anterior one-third across 
the two accessory lobes. The oral surface is flat to con
cave with a shallow oral trough that is located along the 
inner side of the platform. The 9 to 10 transverse ridges 
become obsolete in the trough. The anterior portion of the 
blades are broken, but the posterior portion of the blade 
bears 6 laterally compressed denticles and continues onto 
the platform as a carina for one-fourth the length of the 
platform. The blade is set off from the platform by sulci, 
the inner one of which is deepest and continues posteriorly 
into the oral trough. The inner accessory lobe is the larg
est and bears up to 8 large nodes that are partially coa
lesced and the outer lobe bears 2 to 4 nodes that are 
partially coalesced. The aboral attachment scar is long, 
shallow, widely flared on the outer margin and bears a lon
gitudinal median groove that extends along the blade as a
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narrow groove.
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Discussion. The oral trough along the inner plat

form margin distinguishes Streptognathodus eccentricus 
Ellison from S. cancellosus Gunnell which has a median oral 
trough. Sy sulcatus Gunnell has a blunter platform and more 
concave oral surface.

Occurrence. This species is known from the Missour
ian of Kansas and Missouri (Ellison, 1941, fig. 4). The 
specimens examined are from units 86 to 99 (Lower Missour
ian) at the Salt River Canyon and unit 2 (Lower Virgilian) 
at White River.

Material studied. 8 specimens.

Streptognathodus elegantulus Stauffer and Plummer
Fig. 53, nos. 3-9

Streptognathodus elegantulus STAUFFER and PLUMMER, 1932, - 
p. 47, pi. 4, figs. 6, 7, 22, 27; ELLISON, 1941 p.
127, pi. 22, figs. 1-6, 10.

Description. The platform is long, lanceolate, 
slender, widest across the middle, and posteriorly pointed 
to rounded. The oral surface is deeply concave with 10 to 
13 transverse ridges that become obsolete in the medial oral 
trough. The blade is longer than the platform and bears 10 
laterally compressed denticles that increase in height an
teriorly. The blade continues posteriorly as a large fused 
carina for one-third to one-fourth the length of the plat
form and may continue posteriorly as discrete nodes for a
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short distance. The blade is set off from the platform by 
narrow sulci. No accessory lobes are developed. In lateral 
view the platform is arched orad. The aboral attachment 
scar is long, narrow, shallow, moderately flared, and con
tinues along the blade as a narrow groove.

Discussion. The deep oral trough, prominent carina 
and lack of accessory lobes distinguish Streptognathodus 
elegantulus Stauffer and Plummer from most other species of 
Streptognathodus. S. elongatus Gunnell has a narrower plat
form and a narrower oral trough than Ŝ. elegantulus.

Occurrence. This species is known from the Desmoin- 
esian to Virgilian in the midwest (Ellison, 1941, p. 128).
In Arizona it is known from the Lower Desmoinesian to Middle 
Virgilian at Superior and Coolidge Dam, Desmoinesian in the 
Waterman Mountains (Reid, 1968, p. 140) and Derryan to Wolf- 
campian in the northern Dragoon Mountains (Micklin, 1969, 
p. 166) . The specimens examined are from units 2 to 42 
(Lower to Middle Virgilian) at White River.

Material studied. 53 specimens.

Streptognathodus cf. Ŝ. elegantulus Stauffer and Plummer
Fig. 54, nos. 1-7

Description. The long, lanceolate platform is 
slender, posteriorly pointed and widest across the middle. 
The oral surface is concave with 6 to 15 transverse ridges.
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that become obsolete in the medial oral trough. The blade 
is slightly longer than the platform and bears 4 to 10 
laterally compressed denticles that increase in height an
teriorly. The blade continues posteriorly as a wide, high 
carina for nearly the full length of the platform, becoming 
lower posteriorly. The blade is set off from the platform 
by deep sulci on either side that continue posteriorly into 
the oral trough, and form high free edges on the anterior 
one-third of the platform. No accessory lobes are present. 
In lateral view the platform is slightly arched orad. The 
aboral attachment scar is long, shallow, moderately flared 
and continues along the blade as a narrow groove.

Discussion. The specimens examined have a consis
tently longer carina than Streptognathodus elegantulus 
Stauffer and Plummer as described and illustrated by Ellison 
(1941, p . 127), but agree in all other respects. Stauffer 
and Plummer (1932, pi. 4, fig. 27) illustrate a specimen 
that exhibits a long carina similar to the ones encountered 
in these specimens.

Occurrence. The specimens examined are from units 
83 to 111 (Middle Desmoinesian to Lower Missourian) at the 
Salt River Canyon, units 10 to 27 (Middle Desmoinesian) at 
Black River, and units 4 to 40 (Lower to Middle Virgilian) 
at White River. --

Material studied. 108 specimens.
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Streptognathodus gracilis Stauffer and Plummer 

Fig. 54, nos. 8-11
Streptognathodus gracilis STAUFFER and PLUMMER, 1932, p. 48, 

pi; 4, figs'. 12, 23; ELLISON, 1941, p. 128-129, pi. 22, 
figs. 7, 11.

Description♦ The long, lanceolate platform is slen
der, posteriorly pointed with the greatest width on the an
terior one-third across the one accessory lobe. The oral 
surface is concave with a moderately deep, narrow medial 
oral trough. The 10 to 13 transverse ridges terminate at 
the oral trough. The blades are broken on the specimens 
examined, but bear numerous small laterally compressed den
ticles on the posterior portions and continue posteriorly 
onto the platform as a short carina of fused nodes for one- 
fourth the length of the platform and may continue as small 
nodes in the oral trough for a short distance. The blade 
is set off from the platform by deep sulci that form high 
free edges on the anterior part of the platform. The single 
accessory lobe is on the inner margin and is ornamented by 
3 to 5 large nodes that parallel the free edge. In lateral 
view the platform is arched orad. The aboral attachment 
scar is long, shallow, widely flared and continues anteri
orly as a narrow groove along the blade.

Discussion. Streptognathodus gracilis Stauffer and 
Plummer has a more convex oral surface and a larger acces
sory lobe than S. oppletus Ellison. £. simulator Ellison
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has a non-medial oral groove and S. elegantulus Stauffer and 
Plummer has no accessory lobes in contrast to S. gracilis.

Occurrence. This species is known from the Missour
ian of Texas and Kansas and the Virgilian of Kansas (Ellison, 
1941, p , 129) . The specimens examined are from unit 2 
(Lower Virgilian) at White River.

Material studied. 2 specimens.

Streptognathodus cf. S. gracilis Stauffer and Plummer
Fig. 55, nos. 1-6

Description. The long, lanceolate platform is slen
der, posteriorly pointed with the greatest width on the 
anterior one-third across the one accessory lobe. The oral 
surface is concave with a deep oral trough. The 9 to 11 
transverse ridges terminate at the oral trough. The blade 
is longer than the platform and bears up to 10 laterally 
compressed denticles that increase in height toward the 
anterior and continues posteriorly onto the platform as a 
long carina for three-fourths to the full length of the 
platform. The blade is set off from the platform by a deep 
sulcus on either side that form high free edges on the 
anterior one-fourth of the platform. The single inner 
accessory lobe is ornamented by 1 to 3 large nodes. In 
lateral view the platform is slightly arched orad. The 
aboral attachment scar is long, shallow, moderately flared 
and continues as a. narrow groove along the blade.
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Discussion. The specimens examined have a longer 

carina than Streptognathodus gracilis as described by 
Stauffer and Plummer (1932, p. 48) and Ellison (1941, p. 
128-129) but agree closely in all other aspects.

Occurrence. The specimens examined are from units 
86 to 111 (Lower Missourian) at the Salt River Canyon and 
units 10 to 27 (Middle Desmoinesian) at Black River.

Material studied. 17 specimens.

Streptognathodus simulator Ellison 
Fig. 55, nos. 7-11

Streptognathodus simulator ELLISON, 1941, p . 133, pi. 22, 
figs. 25, 27-30.

Description. The long, lanceolate platform is slen
der, posteriorly pointed, with the greatest width on the 
middle portion. The oral surface is slightly concave with a 
narrow oral groove paralleling and near the inner margin.
The 11 transverse ridges terminate at the oral trough. The 
blade is broken, but continues posteriorly on the platform 
as a carina for one-half the length of the platform. The 
blade is set off from the platform by a sulcus on either 
side that is deepest on the inner margin where it continues 
posteriorly into the oral groove. The accessory lobe is on 
the inner side and ornamented by several nodes that are 
fused into ridges radiating outward from the carina. The 
platform is slightly arched orad. The aboral attachment



scar is long, shallow, widely flared on the outer margin and 
continues along the blade as a narrow groove.

Discussion. Streptognathodus simulator Ellison 
resembles Ŝ. eccentricus Ellison, but the latter has two 
accessory lobes. Other species of Streptognathodus have a 
median oral groove.

Occurrence. This species is known from the Missour
ian to Wolfcampian in Missouri and Kansas (Ellison, 1941, 
fig. 4). In Arizona it is known from the Lower Desmoinesian 
at Coolidge Dam and in the Waterman Mountains (Reid, 1968, 
p . 143) and Lower Derryan in the northern Dragoon Mountains 
(Micklin, 1969, p. 169). The specimens examined are from 
units 86 and 99 (Lower Missourian) at the Salt River Canyon. 

Material studied. 3 specimens.

Genus SYNPRIONIODINA Ulrich and Bassler, 1925 
Synprioniodina cf. Ŝ. denticamura Rexroad and Liebe

Fig. 55, nos. 12-16
Synprioniodina denticamura REXROAD and LIEBE, 1962, p. 513, 

text fig. 2.
Synprioniodina sp. REXROAD, 1957, p. 40, pi. 4, fig. 3. 
Synprioniodina denticamura Rexroad and Liebe. REXROAD and 

FURNISH, 1964, p. 675, pi. Ill, fig. 34.
Description. The posterior limb is long, thin,

slightly arched and bowed inward, bearing 20 denticles in
whole specimens. The denticles are of unequal size, large
ones separated by smaller ones, all are sharp, fused at the
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base, laterally compressed and curved inward and anteriorly. 
The apical denticle is large, laterally compressed and 
curves inward and is continuous with the posterior axis.
The anterior limb is thin, extends outward and is deflected 
downward at an angle of about 40 degrees in respect to the 
posterior bar. The anterior bar bears 2 to 3 small, lateral
ly compressed, posteriorly pointed denticles that are dis
crete only at the oral end and may be entirely fused to the 
blade. The aboral attachment scar is a small, deep pit 
beneath the apical denticle that is flared on the inner 
side.

Discussion. The specimens examined agree in all 
respects to Synprioniodina denticamura Rexroad and Liebe, 
but are considerably younger in age than those described by 
them. £. denticamura is distinguished from Ŝ. microdenta 
Ellison by the larger, more discrete denticles on the an
terior limb of the latter. J5. denticamura closely resembles 
Neoprioniodus camurus Rexroad, but N. camurus is flexed 
sharply inward immediately posterior to the superior 
denticle.

Occurrence. Synprioniodina denticamura is known 
from the Late Mississippian (Rexroad, 1957, p. 40; Rexroad 
and Furnish, 1964, p . 675). The specimens examined are
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from units 10 to 48 (Middle Desmoinesian) at Black River, 
and unit 28 (Middle Virgilian) at White River.

Material studied. 12 specimens.

Synprioniodina microdenta Ellison
Synprioniodina microdenta ELLISON, 1941, p. 119, pi. 20, 

figs. 43-46; ELLISON and GRAVES, 1941, p. 3, pi. 1, 
fig. 10; MURRAY and CHRONIC, 1965, p. 607, pi. 73, 
figs. 12, 13.

Description. The specimens consist of two blade
like bars, the posterior of which is broken, that lie in the 
same plane and meet at an angle of 30 degrees. The poster
ior bar bears 4 laterally compressed denticles that curve 
anteriorly and inward and are fused at the base. The ab- 
orally directed anterior bar bears 4 small denticles that 
are fused at the base. The superior denticle is large, 
laterally compressed and curved inward. The aboral attach
ment scar beneath the main denticle is deep, with a deep 
conical pit, widely flared on the inner side and continues 
as a narrow groove down the anterior and posterior bars.

Discussion. Although broken, the specimens agree 
closely with the description and illustration of Synprion
iodina microdenta by Ellison (1941, p. 119). microdenta
has larger, more discrete anterior denticles than IS. denti- 
camura Rexroad and Liebe.
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Occurrence. Synprioniodina microdenta ranges from 

Derryan age in Texas (Ellison and Graves, 1941, p . 3) to 
Missourian age in the midcontinent (Ellison, 1941, p. 119). 
In Arizona this species is known from the Middle Derryan to 
Middle Virgilian at Superior, Derryan at Winkelman, Upper 
Derryan to Lower Missourian at Coolidge Dam and Lower Des- 
moinesian in the Waterman Mountains (Reid, 1968, p. 157). 
The specimens examined are from units 18 and 42 (Middle 
Virgilian) at White River.

Material studied. 2 specimens.



Figure 16. Millerella, Eostaffella, Nankinella
Magnifications of 1-10, x!50; 11-13, x50

I- 2 Millerella spp; nos. 1-2, axial sections; UA-1601,
UA-1602 respectively; x!50 (p. 37).

3-6 Eostaffella sp. A; nos. 3-6, axial sections; UA-1603. 
UA-1604, UA-1605, UA-1606 respectively; x!50 (p. 35) .

7-10 Eostaffella sp. B; nos. 7-10, axial sections; UA-1607 
UA-1608, UA-1609, UA-1610 respectively; x!50 (p. 36).

II- 13 Nankinella spp; nos. 11-13, axial sections; UA-1611,
UA-1612, UA-1613 respectively; x50 (p. 38).
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Figure 16. Millerella. Fostaffella. Nankinella.



Figure 17. Staffella, Schubertella, Pseudos'faffella,Plectofusulina
Magnification of 1-10, x50

1-4 Staffella spp; nos. 1, 3, 4, axial sections, no. 2,
sagittal section; UA-1614, UA-1615, UA-1616, UA-1617, 
respectively; x50 (p. 38).

5 Schubertella king! Dunbar and Skinner; axial section: 
UA-1618; x50 (p. 39).

6-7 Pseudostaffella hollingsworthi (Thompson); nos. 6-7, 
axial sections; UA-1619, UA-1620, respectively; x50 
(p. 40).

8 Pseudostaffella cf. P. needhami Thompson; axial 
section; UA-1621; x50 (pi 41).

9 Plectofusulina franklinensis Stewart; axial section; 
UA-1622; x50 (p. 43).
Plectofusulina sp. A; axial section; UA-1623; x50 
(P. 44).

10
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Figure 17. Staffella, Schubertella , Pseudostaffella t 
Piectofusulina.



Figure 18. Plectofusulina, Frumentella, Profusulinella, 
Fusulinella
Magnifications of 1-7, 9-13, x50; 8 , 14-16, x20

1 Plectofusulina sp. A; axial section; UA-1624; x50 
Cp. 44J. ™

2-3 ' relpegt ivoiy 1 : s " ( r ^ 4 4 X ^ '

4-6
respectively; x50 (p. 45).

001r-

(p. 46).

001

9-10 p^o-Pncni inella cf. P. marblensis Thompson; nos. 
axial sections; UA-T631, uA-lb3Z, respectively, 
(p. 48).

9-10,
x50

11-13 Profusulinella sp. A; nos. 
no. 13, sagittal section; 
respectively; x50 (p. 49).

11-1 2 , axial sections, 
UA-1633, UA-1634, UA-1635 9

14-16 Fusulinella cf. F. alta Verville,. Thompson, and Lokke 
no. 14, sagittal section, nos. 15-16, axial sections; 
UA-1636, UA-1637, UA-1638, respectively; x20 (p. 50).
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Figure 18. Plectofusulina. Frumentel1 a, Profusulinella, 
Aisulinella.



Figure 19. Fusulinella. Parafusulinella, Beedeina
Magnifications of 1-3, 5-10, x20; 4, x50

1-4 Fusulinella famula. Thompson; no. 1, axial section,
no. 2, sagittal section; UA-1639, UA-1640 respectively 
x20; nos. 3-4, axial section of a microspheric 
specimen; UA-1641; x20, x50, respectively (p. 51) .

5 Fusulinella cf. F. oakensis Ross and Sabins; axial
section; OX-1642; xTO (P. ?2).

6-7 Parafusulinella sp. A; nos. 6-7, axial sections;
UA-1643, UA-lb44, respectively; x20 (p. 53).

8-10 Beedeina cf. B. arizonensis (Ross and Sabins); nos. 8 - 
9, axial sections, no. 1 0, sagittal section; UA-1645, 
UA-1646, UA-1647, respectively; x20 (p. 55).
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Figure 19. Fusuline1la, Parafusulinella, Beedeina.



Figure 20. Beedeina
Magnifications of 1-9, x20

1-3 Beedeina bowiensis (Ross and Sabins); nos. 1, 3, axial 
sections, no. 2 , sagittal section; UA-1648, UA-1650, 
UA-1649, respectively; x20 (p. 56).

4 Beedeina cf. B. bowiensis (Ross and Sabins) ; axial 
section; UA-1^51; x20 (p. 58).

5-6 Beedeina cf. B. cedarensis (Ross and Sabins); nos. 5- 
TT, axial sections; UA-1652, UA-1653, respectively; x20 
(p. 59).

7-9 Beedeina euryteines (Thompson); nos. 7-8, axial
sections, no. 9, sagittal section; UA-1654 , UA-1655, 
UA-1656, respectively; x20 (p. 61).





Figure 21. Beedeina girtyi to B. hayensis 
Magnifications of 1-8, x20

1-2 Beedeina girtyi (Dunbar and Condra); nos. 1-2, axial 
sections; UA-1657, UA-1658, respectively; x20 (p. 62)

3 Beedeina cf. B. girtyi (Dunbar and Condra) ; axial 
section; UA-1^59; x20 (p. 64).

4-5 Beedeina cf. B. haworthi (Beede); nos. 4-5, axial
sections; UA-1660, UA-1661, respectively; x20 (p. 65)

6-8 Beedeina hayensis (Ross and Sabins); nos. 6-7, axial 
sections, no. 8 , sagittal section; UA-1662, UA-1663 
UA-1664, respectively; x20 (p. 66). *
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Figure 21. Reedeina



Figure 22. Beedeina cf. B . illinoisensis to B. novamexicana 
Magnifications of 1-9, x20

1 Beedeina cf. B. illinoisensis (Dunbar and Henbest) ; 
axial section; UA-1665; x20 [p. 67).

2-4 Beedeina insolita (Thompson); nos. 2-4, axial sections 
UA-1666, UA-1667, UA-1668, respectively; x20 (p. 6 8).

5 Beedeina knighti (Dunbar and Henbest); axial section • 
UA-1669; x20 (p. 70).

6-8 Beedeina leei (Skinner); nos. 6-8 , axial sections;
UA-1670, UA-1671, UA-1672, respectively; x20 (p. 71).

9 Beedeina novamexicana (Needham); axial section;
DA-1673; x20 (p. 72).





Figure 23. Beedeina novamexicana to B. plena 
Magnifications of 1-9, x20

1-2 Beedeina novamexicana (Needham); no. 1, axial section 
no. 2 , Sagittal section; UA-1674, UA-1675, *
respectively; x20 (p. 72).

3-5 Beedeina cf. B. novamexicana (Needham); nos. 3-5, 
axial sections; UA-1676, UA-1677, UA-1678, 
respectively; x20 (p. 73).

6-8 Beedeina pattoni (Needham); nos. 6-8 , axial sections 
UA-1679, UA-1680, UA-1681, respectively; x20 (p. 74) |

9 Beedeina plena (Alexander); axial section; UA-1682; 
x20 (p. 76).
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Figure 2 3. Beedeina



Figure 24. Beedeina portalensis to B. rockymontana 
Magnifications of 1-7, x20

1-2 Beedeina portalensis (Ross and Sabins); nos. 1-2,
axial sections; UA-1683, UA-1684, respectively; x20 
(p. 77).

3-4 Beedeina cf. B. pristina (Thompson); nos. 3-4, axial
sections; UA-T685, UA-1686, respectively; x20 (p. 78).

5-7 Beedeina rockymontana (Roth and Skinner); nos. 5-7 
axial sections; UA-1687, UA-1688, UA-1689, *
respectively; x20 (p. 79).
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Figure 24. Beedeina



Figure 25. Beedeina taosensis to B. tumida 
Magnifications of 1-6, x20

1-3 Beedeina taosensis (Needham); nos. 1-3 axial sections 
UA-1690, UA-1691, UA-1692, respectively; x20 (p. 81).

4-6 Beedeina tumida (Alexander); nos. 4-5, axial sections 
no. 6 , sagittal section; UA-169 3, UA-1694, UA-1695, 
respectively; x20 (p. 82).
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Figure 25. Beedeina



g 26. BcsdcinSj Wcdolcindsllins
Magnifications of 1-12, x20

1

2-3

4-6

7-8

Beedeina turnida (Alexander); axial section; UA-1696; 
x20 (p. 82).
Beedeina sp. A; nos. 2-3, axial sections; UA-1697, 
UA-1698, respectively; x20 (p. 83).
Wedekindellina alveolata Stewart; nos. 4-6, axial 
sections; UA-1699, UA-1700, UA-1701, respectively; 
x20 (p. 84).
Wedekindellina cf. W. ellipsoides Dunbar and Henbest; 
nos. 7-8, axial sections; UA-1702, UA-1703, 
respectively; x20 (p. 86).

9-12 Wedekindellina euthysepta (Henbest) ; 
section, nos. 10-1 2, axial sections; 
UA-1706, UA-1707, respectively; x20

no. 9, sagittal 
UA-1704, UA-170 5 
(p. 87).
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Figure 26. Reedeina , IVedekindellina.



Figure 27. Wedekindellina, Triticites
Magnifications of 1-10, x20

1-2 Wedekindellina excentrica (Roth and Skinner); 
nos. 1-2, axial sections; UA-1708, UA-1709, 
respectively; x20 (p. 88).

3-5 Wedekindellina henbesti (Skinner); nos. 3-4, axial 
sections, no. 5, sagittal section; UA-1710, UA-1711 
UA-1712, respectively; x20 (p. 90).

6-7 Wedekindellina cf. W. matura Thompson; nos. 6-7, axial 
sections; UA-1713, UA-1714, respectively; x20 (p. 91).

8-9 Triticites acutuloides Ross; nos. 8-9, axial sections 
UA-1715, UA-1716, respectively; x20 (p. 93).

10 Triticites bensonensis Ross and Tyrrell; axial 
section; DA-1717; x20 (p. 94).

v *
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Figure 27- Wedekindellina, Triticites



Figure 28. Triticites
Magnifications of 1-8, x20

1-2 Triticites bensonensis Ross and Tyrrell; nos. 1-2, 
axial sections; UA-1718, UA-1719, respectively; x20 
(p. 94).

3-6 Triticites cf. T. burgessae Burma; nos. 3-5, axial
sections, no. 6 , sagittal section; UA-1720, UA-1722, 
UA-1723, respectively; x20 (p. 95).

7-8 Triticites cf. T. confertoides Ross; nos. 7-8, axial 
sections; UA-17T4, UA-1725, respectively; x20 (p. 9 7 )



Figure 28. Triticites.



1-3 Triticites coronadoensis Ross and Tyrrell; nos. 1-3 
axial sections; UA-1726, UA-1727, UA-1728, *
respectively; x20 (p. 98).

Figure 29. Triticites coronadoensis to T. cf. T. c r e e k e n s i s
Magnifications of 1-4, x20

4 Triticites cf. T. creekensis Thompson; axial section • UA-1729; x20 (p. 9F)1 *
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Figure 29. Triticites.



Figure 30. Triticites cf. T. creekensis to T. nebraskensis 
Magnifications of 1-6, x20

1 Triticites cf. T. creekensis Thompson; axial section; 
UA-1730;"x 20 (p.

2 Triticites fresnalensis Needham; axial section; 
UA-mi';"“x20 (p. 1U1J.

3 Triticites cf. T. imperialis Kauffman and Roth; axial 
section; UA-1732; x20 [pi T^2).

4-6 Triticites nebraskensis Thompson; no. 4, sagittal
section, nos. 5-6, axial sections; UA-1733, UA-1734, 
UA-1735, respectively; x20 (p. 103).
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Figure 30. Triticites



Figure 31. Triticites cf. T. newelli to T. rhodesi 
Magnifications of 1-8, x20

1-3 Triticites cf. T. newelli Burma; nos. 1-2, axial
sections, no. 3, sagittal section; UA-1736, UA-1737 
UA-1738, respectively; x20 (p. 105).

4-6 Triticites pygmaeus Dunbar and Condra; nos. 4, 6, 
axial sections, no. 5, sagittal section: UA-1739, 
UA-1740, UA-1741, respectively; x20 (p. 106) .

7-8 Triticites rhodesi Needham; no. 7, sagittal section, 
no. 8, axial section; UA-1742, UA-1743, respectively x20 (p. 107).
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Figure 31. Triticites.



Figure 32. Triticites rhodesi to T. whetstonensis 
Magnifications of 1-5, x20

1 Triticites rhodesi Needham; axial section; UA-1744 •
x20 (p. 10711

2-3 Triticites cf. T. turgidus Dunbar and Henbest; nos.
2-3, axial sections; UA-1745, UA-1746, resnectively 
x20 (p. 109).

4-5 Triticites whetstonensis Ross and Tyrrell; nos. 4-5 
axial sections; UA-1747, UA-1748, respectively; x20
(p. 110) .
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Figure 32. Triticites



Figure 33. Triticites whetstonensis to T. sp. C 
Magnifications of 1-4, x20

1 Triticites whetstonensis Ross and Tyrrell; axial 
section; UA-1749; x20 [p. 110).

2 Triticites sp. A; axial section; UA-1750; x20 (p. 112)
3-4 Triticites sp. B; nos. 3-4, axial sections; UA-1751

UA-17S2, respectively; x20 (p. 112). *
5 Triticites sp. C; axial section; UA-1753; x20 (p. 1 1 4 )
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Figure 33. Trit i cites



Figure 34. Triticites, Dunbarinella
Magnifications of 1-5, x20

1-2 Triticites sp. C; axial sections; UA-1754, UA-1755, 
respectively; x20 (p. 114).

3 Triticites sp. D; axial section; UA-1756; x20 
CP- 115)."

4-5 Dunbarinella ervinensis Thompson; nos. 4-5, axial 
sections; UA-1757, UA-1758, respectively; x20 
Cp. 116).
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Figure 35. Dunbarinella
Magnifications of 1-4, x20

1-4 Dunbarinella cf. D. skinneri Kauffman and Roth;
nos. 1-4, axial sections; UA-1759, UA-1760, UA-1761 
UA-1762, respectively; x20 (p. 118).
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Figure 3 5. Dunbarinel1 a.



Figure 36. Adetognathus
Magnifications of 1-13, x70

1-6 Adetognathus gigantus (Gunnell) ; nos. 1-2, oral and 
aboral views of same specimen, nos. 3-4, oral and 
aboral views of same specimen, no. 5, inner lateral 
view of immature specimen, no. 6 , outer lateral view 
UA-1801, UA-1802, UA-1803, UA-1804, respectively; 
x70 (p. 120).

7-11 Adetognathus lautus (Gunnell); no. 7, oral view,
no. 8 , aboral view, no. 9, oral view, no. 10, outer 
lateral view, no. 11, outer lateral view; UA-1805, 
UA-1813, UA-1809, UA-1807, UA-1808, respectively; 
x70 (p. 122).

12-13 Adetognathus missouriensis (Gunnell); no. 12, inner 
lateral view, no. 13, inner lateral view; UA-1817, 
UA-1816, respectively; x70 (p. 123).
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36. Adetognathus.



Figure 37. Adetognathus missouriensis to A. sp. B 
Magnifications of 1-19, x70

1-4 Adetognathus missouriensis (Gunnell); nos. 1-2, outer 
lateral and-oral views of same specimen, nos. 3-4 , 
aboral and oral views of same specimen; UA-1814,
UA-1815, respectively; x70 (p. 123) .

5-9 Adetognathus cf. A. spathus (Dunn); nos. 5-7, oral,
aboral, and inner lateral views of same specimen, nos.
8-9, inner lateral and oral views of same specimen; 
UA-1816, UA-1817, respectively; x70 (p. 125).

10-17 Adetognathus sp. A; nos. 10-12, outer lateral, oral, 
and aboral views of same specimen, no. 13, oral view, 
nos. 14-15, inner lateral and oral views of same 
specimen, nos. 16-17, inner lateral and oral views of 
same specimen; UA-1818, UA-1819, UA-1820, UA-1821, 
respectively; x70 (p. 126).

18-19 Adetognathus sp. B; nos. 18-19, oral and outer lateral 
views of same specimen; UA-1822; x70 (p. 128).
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Figure 37. Adetognathus.



Figure 38. Adetognathus, Declinognathodus, Diplododella 
Magnifications of 1-15, x70

1-3 Adetognathus sp. B ; nos. 1-2, oral and aboral views of 
same specimen, no. 3, inner lateral view; UA-1823,
UA-1824, respectively; x70 (p. 128).

4-11 Declinognathodus lateralis (Higgins and Bouckaert) ; 
nos. 4-5, outer lateral and oral views of same 
specimen, nos. 6-7, oral and aboral views of same 
specimen, nos. 8-9, outer lateral and oral views of 
same specimen, nos. 10-1 1, outer lateral and oral 
views of same specimen; UA-1825, UA-18 26, UA-1827, 
UA-1828, respectively; x70 (p. 129).

12-14 Diplododella cf. D. alternata Branson and Mehl;
nos. 12-13, anterior and posterior views of same 
specimen, no. 14, posterior view; UA-1829, UA-1830 ; 
x70 (p. 131).

15 Diplododella plana Murray and Chronic; anterior v i e w  
UA-1831; x7U (p. 132) .
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Figure 38. Adetognathus, Peelinognathodus , Piplododel1 a.



Figure 39. Diplododella, Euprioniodina, Gnathodus 
Magnifications of 1-18, x70

1-5 Diplododella plana Murray and Chronic; no. 1,
posterior view, nos. 2-5, lateral, anterior, lateral, 
and aboral views of same specimen: UA-1833, UA-1834, 
respectively; x70 (p. 132).

6-9 Euprioniodina sp. A; no. 6 , lateral view, no. 7,
aboral view, nos. 8-9, lateral and oral views of same 
specimen; UA-1835, UA-1836, UA-1837, respectively; 
x70 (p. 133).

10-15 Gnathodus bassleri bassleri (Harris and Hollingsworths 
nos. 10-1 1, outer lateral and oral views of same 
specimen, no. 12, aboral view, nos. 13-14, oral and 
inner lateral views of same specimen, no. 15, oral 
view; UA-1838, UA-1839, UA-1840, UA-1841, respectively 
x70 (p. 135).

16-18 Gnathodus bassleri symmetricus Lane; nos. 16-18,. inner 
lateral, aboral, and oral views of same specimen;
UA-1842; x70 (p. 136).
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Figure 59. Diplododella, Fuprioniodin? t Cn?thodu?.



Figure 40. Hibbardella
Magnifications of 1-13, x70

1-4 Hibbardella acuta Murray and Chronic; nos. 1-4,
posterior, lateral, oral, and aboral views of same 

< specimen; UA-1843; x70 (p. 137).
5-7 Hibbardella obtusa Murray and Chronic; nos. 5-6,

anterior and posterior views of same specimen, no. 7 f 
anterior view; UA-1844, UA-1845, respectively; x70 *
(p. 139).

8-13 Hibbardella subacoda (Gunnell); nos. 8-9, anterior and 
lateral views of same specimen, nos. 10-1 1 , posterior 
and lateral views of same specimen, nos. 12-13, 
lateral and aboral views of same specimen; UA-1846, 
UA-1847, UA-1848, respectively; x70 (p. 140).
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Figure 40. Hibbardella.



Figure 41. Hindeodella

1-4 Hindeodella delicatula Stauffer and Plummer; nos. 1-2 
outer lateral and oral views of same specimen, nos. *
3-4, inner lateral and oral views of same specimen; 
UA-1849, UA-1850, respectively; x70 (p. 141).

5-6 Hindeodella cf. H. megadenticulata Murray and Chronic; 
no. 5, inner lateral view, no. 6 , inner lateral v i e w  * 
UA-1851, UA-1852, respectively; x70 (p. 143).

7-11 Hindeodella cf. H. multidenticulata Murray and
Chronic; no. 7, inner lateral view, no. 8 , outer 
lateral view, no. 9, outer lateral view, no. 10, inner 
lateral view, no. 1 1, inner lateral view; UA-1853, 
UA-1854, UA-1855, UA-1856, UA-1857, respectively; x70 
(p. 144).

Magnifications of 1-11, x70
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Figure 41. HindenHella.



Figure 42. Hindeodella spp.

1-14 Hindeodella spp; no. 1, outer lateral view, no. 2,
inner lateral view, nos. 3-4, oral and inner lateral 
views of the same specimen, no. 5, inner lateral view 
no. 6 , outer lateral view, no. 7, outer lateral view * 
no. 8 , inner lateral view, no. 9, inner lateral view* 
no. 1 0, outer lateral view, no. 1 1 , outer lateral *
view, no. 12, inner lateral view, no. 13, outer
lateral view, no. 14, inner lateral view; UA-1858,
UA-1859, UA-1860, UA-1861, UA-1862, UA-1863, UA-1864 
UA-1865, UA-1866, UA-1867, UA-1868, UA-1869, UA-1870* 
respectively; x70 (p. 146). *

Magnifications of 1-14, x70
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Figure 4 2. Hindeodel1p .



Figure 43. Idiognathodus
Magnifications of 1-10, x70

1-10 Idiognathodus delicatus Gunnell; nos. 1-2, oral and 
outer lateral views of same specimen, nos. 3-4, oral 
and inner lateral views of same specimen, nos. 5-7 , 
oral, outer lateral, and aboral views of same 
specimen, nos. 8-1 0, oral, inner lateral and aboral 
views of same specimen; UA-1871, UA-1872, UA-1873, 
UA-1874, respectively; x70 (p. 146).
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Figure 43. Idiognathodus.



Figure 44. Idiognathodus lobatus
Magnifications of 1-4, x70

1-4 Idiognathodus lobatus Gunnell; nos. 1-2, oral and 
aboral views of same specimen, nos. 3-4, oral and 
inner lateral views of same specimen; UA-1875, 
UA-1876, respectively; x70 (p. 149).
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Figure 44. Idiognathodus.



1-3 Idiognathodus lobatus Gunnell; nos. 1-3, oral, inner 
lateral, and aboral views of same specimen; UA-1877 
x70 (p. 149) .

4-5 Idiognathodus magnificus Stauffer and Plummer; nos. 
4-5, outer lateral and oral views of same specimen • 
UA-1878; x70 (p. 150).

Figure 45. Idiognathodus lobatus to magnificus
Magnifications of 1-5, x70

#*



Figure 45. Idiognathodus.



Figure 46. Idiognathodus magnificus to meckerensis 
Magnifications of 1-8, x70

1-3 Idiognathodus magnificus Stauffer and Plummer; nos.
1-2 , oral and aboral views of same specimen, no. 3 , 
oral view; UA-1879, UA-1880, respectively; x70 
(p. 150) .

4-8 Idiognathodus meckerensis Murray and Chronic; nos.
4-5, aboral and inner lateral views of same specimen 
nos. 6-7, oral and outer lateral views of same *
specimen, no. 8 , aboral view; UA-1881, UA-1882, 
UA-1883, respectively; x70 (p. 152).
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Figure 46. Idiognathodus.



Figure 47. Idiognathodus mcekerensis to I. sinuosus
Magnifications of 1-8, x70

1-2 Idiognathodus mcekerensis Murray and Chronic; nos.
1-2, oral and inner lateral views of same specimen* 
UA-1884; x70 (p. 152).

3-8 Idiognathodus sinuosus Ellison and Graves; nos. 3-5 
oral, outer lateral, and aboral views of same 
specimen, nos. 6-7, oral and outer lateral views of 
same specimen, no. 8, aboral view; UA-1885, UA-1886 
UA-1887, respectively; x70 (p. 154).



Figure 47. Idiognathodus.



Figure 48. Ligonodina, Metalonchodina, Neoprioniodus 
Magnifications of 1-12, x70

1-5 Ligonodina lexingtonensis (Gunnell); no. 1, aboral
view, no. 2~ aboral view, no. 3, inner lateral view, 
nos. 4-5, posterior and inner lateral views of same 
specimen; UA-1888, UA-1889, UA-1890, UA-1891, 
respectively; x70 (p. 155).

6-8 Metalonchodina cf. M . fragilis Murray and Chronic; 
nos. 6-8, inner lateraT^ outer lateral, and aboral 
views of same specimen; UA-1892; x70 (p. 157).

9-12 Neoprioniodus cf. N . loxus Rcxroad; nos. 9-10, inner
lateral and aboral views of same specimen, nos. 11-12, 
inner lateral and aboral views of same specimen; 
UA-1893, UA-1894, respectively; x70 (p. 158).
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Figure 49. Neoprioniodus, Ozarkodina
Magnifications of 1-11, x70

1-2 Neoprioniodus cf. N. loxus Rexroad; nos. 1-2, outer 
lateral and inner lateral views of same specimen; 
UA-1895 ; x70 (p. 158) .

3-6 Ozarkodina cf. 0 curvata Rcxroad; nos. 3-4, inner 
lateral and outer lateral views of same specimen, 
nos. 5-6, inner lateral and outer lateral views of 
same specimen; UA-1896, UA-1897, respectively; x70 
(p. 159) .

7-11 Ozarkodina delicatula (Stauffer and Plummer); no. 7
inner lateral view, nos. 8-9, outer lateral and inner 
lateral views of same specimen, nos. 10-11, inner 
lateral and outer lateral views of same specimen; 
UA-1898, UA-1899, UA-1900, respectively; x70 (p. 161)



Figure 49. Neoprioniodus, Ozarkodina.



Figure 50. Ozarkodina, Spathognathodus
Magnifications of 1-16, x70

1-6 Ozarkodina spatula Dunn; nos. 1-2, inner lateral and 
outer lateral views of same specimen, no. 3, inner 
lateral view, nos. 4-5, inner lateral and aboral views 
of same specimen, no. 6, outer lateral view; UA-1901, 
UA-1902, UA-1903, UA-1904 , respectively; x70 (p. 162) .

7-11 Ozarkodina sp. A; nos. 7-8, outer lateral and inner 
lateral views of same specimen, no. 9, outer lateral 
view, nos. 10-11, inner lateral and aboral views of 
same specimen; UA-1905, UA-1906, UA-1907, respectively 
x70 (p. 163) .

12-15 Spathognathodus coloradoensis Murray and Chronic;
nos. 12-13, lateral and aboral views of same specimen, 
no. 14, lateral view, no. 15, aboral view; UA-1908, 
UA-1909, UA-1910, respectively; x70 (p. 165).

16 Spathognathodus cristulus Youngquist and Miller; no.
16, lateral view; UA-1911; x70 (p. 166).
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Figure 50. Ozarkodina. Spathognathodus.



Figure 51. Spathognathodus
Magnifications of 1-11, x70

1-4 Spathognathodus cristulus Youngquist and Miller; nos. 
1-2, lateral and oral views of the same specimen, 
nos. 3-4, lateral and aboral views of the same 
specimen; UA-1912, UA-1913, respectively; x70 
(p. 166).

5-11 Spathognathodus minutus (Ellison) ; nos. 5-6, lateral
and oral views of the same specimen, nos. 7-8, lateral 
and aboral views of the same specimen, nos. 9-11, 
lateral, oral, and aboral views of the same specimen * 
UA-1914, UA-1915, UA-1916, respectively; x70 (p. 168) .
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Figure 51. Spathognathodus.



Figure 52. Strcptognathodus
Magnifications of 1-9, x70

1-5 Strcptognathodus cancollosus (Gunnell) ; nos. 1-2, oral 
and outer lateral view’s of same specimen, nos. 3-5, 
oral, outer lateral, and aboral views of same 
specimen; UA-1917, UA-1918, respectively; x70 
(p. 169).

6-9 Strcptognathodus eccentricus Ellison; nos. 6-7, oral 
and outer lateral views of same specimen, nos. 8-9, 
oral and aboral views of same specimen; UA-1919,
UA-1920, respectively; x70 (p. 171).
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Figure 53. Streptognathodus eccentricus to S. elegantulus 
Magnifications of 1-9, x70

1-2 Streptognathodus eccentricus Ellison; nos. 1-2, oral 
and outer lateral views of same specimen; UA-1921; 
x70 (p. 171).

3-9 Streptognathodus elegantulus Stauffer and Plummer; 
nos. 3-5^ aboral, outer lateral, and oral views of 
same specimen, nos. 6-7, oral and aboral views of same 
specimen, nos. 8-9, oral and outer lateral views of 
same specimen; UA-1922, UA-1923, UA-1924, respectively 
x70 (p. 172) .
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Figure 53. Streptognathodus.



Figure 54. Streptognathodus cf. S. elegantulus to 
S. gracilis
Magnifications of 1-11, x70

1-7 Streptognathodus cf. S. elegantulus Stauffer and
Plummer; nos. 1-3, oral, outer lateral, and aboral 
views of same specimen, nos. 4-5, oral and outer 
lateral views of same specimen, nos. 6-7, oral and 
outer lateral views of same specimen; UA-1D25, 
UA-1926 , UA-1927, respectively; x70 (p. 173).

8-11 Streptognathodus gracilis Stauffer and Plummer;
nos. 8-10, oral, aboral, and inner lateral views of 
same specimen, no. 11, inner lateral view; UA-1928, 
UA-1929, respectively; x70 (p. 175).
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Figure 54. Streptognathodus.



Figure 55. Streptognathodus, Synprioniodina 
Magnifications of 1-17, x70

1-6 Streptognathodus cf. S. gracilis Stauffer and Plummer; 
nos, 1-2, oral and inner lateral views of same 
specimen, nos. 3-4, oral and aboral views of same 
specimen, nos. 5-6, oral and outer lateral views of 
same specimen; UA-1930, UA-1931, UA-1932, respectively 
x70 (p. 176).

7-11 Streptognathodus simulator Ellison; nos. 7-9, oral, 
outer lateral, and aboral views of same specimen, 
nos. 10-11, oral and aboral views of same specimen; 
UA-1933, UA-1934, respectively; x70 (p. 177).

12-16 Synprioniodina cf. S. denticamura Rexroad and Liebe; 
ho. 12, outer lateral view, no. 13, inner lateral 
view, no. 14, inner lateral view, nos. 15-16, inner 
lateral and outer lateral views of same specimen; 
UA-1935, UA-1936, UA-1937, UA-1958, respectively; x70 
(p. 178).

17 Synprioniodina microdenta Ellison; no. 17, outer 
lateral view; UA-1939; x70 (p. 180).
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Figure 55. Streptognathodus, Synprioniodina.
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APPENDIX I

FUSULINID MEASUREMENTS

1. Millerella spp.
SPECIMEN UA-1601 UA-1602
LENGTH (mm) .03 . 03
WIDTH (mm) .26 .13
PROLOCULUS (mm) .03 . 03
VOLUTIONS 3.5 2.5
2. Eostaffella sp. A
SPECIMEN UA-1603 UA-1604 UA-1605 UA-1606LENGTH (mm) .09 .10 .13 .10WIDTH (mm) .40 .46 .40 .33
PROLOCULUS (mm) .07 .03 .07 .05
VOLUTIONS 3.5 3.5 2.5 3
3. Eostaffella sp. B
SPECIMEN UA-1607 UA-1608 UA-1609 UA-1610LENGTH (mm) .06 .05 .06 .06WIDTH (mm) . 26 .16 . 20 .20
PROLOCULUS (mm) . 03 . 03 .03 . 03
VOLUTIONS 3 2.5 2.5 3.5 '
4. Nankinella spp.
SPECIMEN UA-1611 UA-1612 UA-1613LENGTH (mm) .50 .60 .60
WIDTH (mm) 1.15 . 93 1.26
PROLOCULUS (mm) 7 ? ?
VOLUTIONS 4 5 3
5. Staffella spp.
SPECIMEN UA-1614 UA-1615 UA-1616 UA-1617LENGTH (mm) .80 .70 . 75 SagittalWIDTH (mm) 1.40 1.10 1.30 .85PROLOCULUS (mm) .09 .06 7 .07VOLUTIONS 3.5 4 3 4.5



6. Schubertella king! Dunbar and Skinner
SPECIMEN UA-1618
LENGTH (mm) 1.27
WIDTH (mm) .40
PROLOCULUS (mm) .03
VOLUTIONS 5
7. Pseudostaffella hoilingsworth! (Thompson)
SPECIMEN UA-1619 UA-1620
LENGTH (mm) .33 .30
WIDTH (mm) .53 .53
PROLOCULUS (mm) .09 .10
VOLUTIONS 4 3
8. Pseudostaffella cf. P. needhami Thompson
SPECIMEN UA-1621
LENGTH (mm) .17
WIDTH (mm) .40
PROLOCULUS (mm) .04
VOLUTIONS 4
9. Plectofusulina franklinensis Stewart
SPECIMEN UA-1622
LENGTH (mm) .70
WIDTH (mm) .40
PROLOCULUS (mm) .08
VOLUTIONS 3
10. Plectofusulina sp. A
SPECIMEN UA-1623 UA-1624
LENGTH (mm) .60 .53
WIDTH (mm) .56 .33
PROLOCULUS (mm) .08 .10
VOLUTIONS 3 2.5
11. Plectofusulina sp. B
SPECIMEN UA-1625 UA-1626
LENGTH (mm) .53 .70
WIDTH (mm) .52 .60
PROLOCULUS (mm) .10 .08VOLUTIONS 4 3
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12. Frumentella exempla Stewart
SPECIMEN UA-1627 UA-1628 UA-1629
LENGTH (mm) . 86 .40 Sagittal
WIDTH (mm) .40 .26 .30
PROLOCULUS (mm) . 05 .07 . 03
VOLUTIONS 4.5 2.5 3.5
13. Profusulinella plummeri Skinner and Wilde
SPECIMEN UA-1630
LENGTH (mm) 1.67
WIDTH (mm) 1.14
PROLOCULUS (mm) .10
VOLUTIONS 5.5
14. Profusulinella cf. P. marblensis Thompson
SPECIMEN UA-1631 UA-1632
LENGTH (mm) 1.00 . 53
WIDTH (mm) .80 .46
PROLOCULUS (mm) .10 .07
VOLUTIONS 4 3.5
15. Profusulinella sp. A
SPECIMEN UA-1633 UA-1634 UA-1635
LENGTH (mm) .87 .67 Sagittal
WIDTH (mm) .60 .40 .53
PROLOCULUS (mm) .08 .07 .07
VOLUTIONS 4 4 4.5
16. Fusulinella cf. F. alta Verville , Thompson, and Lokke
SPECIMEN UA-1636 UA-1637 UA-1638
LENGTH (mm) Sagittal 3.40 3.50
WIDTH (mm) 1.13 1.30 1.30
PROLOCULUS (mm) .07 .09 .10
VOLUTIONS 6 7 6.5
17. Fusulinella famula Thompson
SPECIMEN UA-1639 UA-1640 UA-1641
LENGTH (mm) 3.60 Sagittal 1.80
WIDTH (mm) 1.90 2.05 1.30
PROLOCULUS (mm) .10 .10 .03VOLUTIONS 8.5 8.5 6.5



18. Fusulinella cf. F. oakensis Ross and Sabins
SPECIMEN UA-1642
LENGTH (mm) 2.90
WIDTH (mm) 1.30
PROLOCULUS (mm) .10
VOLUTIONS 6.5
19. Parafusulinella sp. A
SPECIMEN UA-1643 UA-1644
LENGTH (mm) 2.26 ?
WIDTH (mm) . 80 ! 86
PROLOCULUS (mm) . 05 . 06
VOLUTIONS 6 5.5
20. Beedeina cf. B. arizonensis (Ross and Sabins)
SPECIMEN UA-1645 UA-1646 UA-1647
LENGTH (mm) 2.80 2.10 Sagittal
WIDTH (mm) 1.60 1.30 1.00
PROLOCULUS (mm) .15 .10 .11
VOLUTIONS 7.5 5 5
21. Beedeina bowiensis (Ross and Sabins)
SPECIMEN UA-1648 UA-1649 UA-1650
LENGTH (mm) 5.00 5.30 Sagittal
WIDTH (mm) 2.10 2.70 2.40
PROLOCULUS (mm) .14 .20 .15
VOLUTIONS 7 8 7
22. Beedeina cf . B . boiviensis (Ross and Sabins)
SPECIMEN UA-1651
LENGTH (mm) 3.90
WIDTH (mm) 2.10
PROLOCULUS (mm) .25
VOLUTIONS 6
23. Beedeina cf . B. cedarensis (Ross and Sabins)
SPECIMEN UA-1652 UA-1653
LENGTH (mm) 2.34 2.50
WIDTH (mm) 1.07 .90
PROLOCULUS (mm) .10 .10
VOLUTIONS 4.5 5



24. Beedeina euryteines (Thompson)
SPECIMEN UA-1654 UA-1655 UA-1656
LENGTH (mm) 4.10 3.00 Sagittal
WIDTH (mm) 1.80 1.70 1.50
PROLOCULUS (mm) .15 .10 .14
VOLUTIONS 5.5 6 5.5
25. Beedeina girtyi (Dunbar and Condra)
SPECIMEN UA-1657 UA-1658
LENGTH (mm) 3.00 3.70
WIDTH (mm) 2.40 2.00
PROLOCULUS (mm) .21 .14
VOLUTIONS 6 6.5
26. Beedeina cf. B. girtyi (Dunbar and Condra)
SPECIMEN UA-1659
LENGTH (mm) 3.00
WIDTH (mm) 1.80
PROLOCULUS (mm) .14
VOLUTIONS 7
27. Beedeina cf. B. haworthi (Beede)
SPECIMEN UA-1660 UA-1661
LENGTH (mm) 3.00 3.70
WIDTH (mm) 1.50 1.80
PROLOCULUS (mm) .12 .11
VOLUTIONS 5.5 7
28. Beedeina hayensis (Ross and Sabins)
SPECIMEN UA-1662 UA-1663 UA-1664
LENGTH (mm) 3.20 4.00 Sagittal
WIDTH (mm) 1.40 1.90 1.50
PROLOCULUS (mm) .11 .15 .11
VOLUTIONS 6 6.5 6.5
29. Beedeina cf. B. illinoisensis (Dunbar and Henbest)
SPECIMEN UA-1665
LENGTH (mm) 4.00
WIDTH (mm) 2.00
PROLOCULUS (mm) .12
VOLUTIONS 6.5



30. Beedeina insolita (Thompson)
SPECIMEN UA-1666 UA-1667 UA-1668
LENGTH (mm) 3.10 1.70 1.60
WIDTH (mm) 2.00 1.00 .90
PROLOCULUS (mm) .09 .10 ?
VOLUTIONS 8 5.5 5.5
31. Beedeina knighti (Dunbar• and Henbest)
SPECIMEN UA-1669
LENGTH (mm) 3.95
WIDTH (mm) 1.30
PROLOCULUS (mm) .13
VOLUTIONS 5.5
32. Beedeina leei (Skinner)
SPECIMEN UA-1670 UA-1671 UA-1672
LENGTH (mm) 4.05 4.50 3.40
WIDTH (mm) 1.50 1.60 1.20
PROLOCULUS (mm) .15 .15 .10
VOLUTIONS 6 6 6
33. Beedeina novamexicana (Needham)
SPECIMEN UA-1673 UA-1674 UA-1675
LENGTH (mm) 5.00 4.30 Sagittal
WIDTH (mm) 2.50 2.20 1.60
PROLOCULUS (mm) .14 .15 .18
VOLUTIONS 8 7 5
34. Beedeina cf . B . novamexicana (Needham)
SPECIMEN UA-1676 UA-1677 UA-1678
LENGTH (mm) 3.50 3. 70 4.10
WIDTH (mm) 2.00 2.00 2.10
PROLOCULUS (mm) .11 .16 .10
VOLUTIONS 6 6 7
35. Beedeina pattoni (Needham)
SPECIMEN UA-1679 UA-1680 UA-1681
LENGTH (mm) 1.70 1.34 9
WIDTH (mm) .80 .67 . 80
PROLOCULUS (mm) .09 .10 .09
VOLUTIONS 5 4 4



36. Beedeina plena (Alexander)
SPECIMEN UA-1682
LENGTH (nun) 6.10
WIDTH (mm) 3.20
PROLOCULUS (mm) .18
VOLUTIONS 9
37. Beedeina portalensis (Ross and Sabins)
SPECIMEN UA-1683 UA-1684
LENGTH (mm) 4.60 4.50
WIDTH (mm) 1.90 2.00
PROLOCULUS (mm) .15 .15
VOLUTIONS 5.5 6.5
38. Beedeina cf . B. pristina (Thompson)
SPECIMEN UA-1685 UA-1686
LENGTH (mm) 2.40 3.30
WIDTH (mm) 1.20 1.50
PROLOCULUS (mm) .11 .15
VOLUTIONS 5 5.5
39. Beedeina rockymontana (Roth and Skinner)
SPECIMEN UA-1687 UA-1688 UA-1689
LENGTH (mm) 4.60 5.15 4.00 m •
WIDTH (mm) 1.70 2.00 1.50
PROLOCULUS (mm) .15 .11 .15
VOLUTIONS 6 6.5 5.5
40. Beedeina taosensis (Needham)
SPECIMEN UA-1690 UA-1691 UA-1692
LENGTH (mm) 3.20 3.30 2.30
WIDTH (mm) 1.80 1.50 1.50
PROLOCULUS (mm) .17 .10 .14
VOLUTIONS 5.5 5 5.5
41. Beedeina tumida (Alexander)
SPECIMEN UA-1693 UA-1694 UA-1695 UA-1696
LENGTH (mm) 5.00 4.00 Sagittal 5.00
WIDTH (mm) 3.20 2.50 3.10 3.40
PROLOCULUS (mm) .20 .25 .21 .20
VOLUTIONS 9 6.5 9 8.5
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42. Beedeina sp. A
SPECIMEN UA-1697 UA-1698
LENGTH (mm) 2.67 1.80
WIDTH (mm) 1.07 1.00
PROLOCULUS (mm) .11 .10
VOLUTIONS 5 5
43. Wedekindellina alveolata Stewart
SPECIMEN UA-1699 UA-1700 UA-1701
LENGTH (mm) 2.53 3.20 3.00
WIDTH (mm) .73 .93 .73
PROLOCULUS (mm) .06 .05 .06
VOLUTIONS 6 7 6.5
44. Wedekindellina cf. W. ellipsoides Dunbar and Henbest
SPECIMEN UA-1702 UA-1705
LENGTH (mm) ? 1.30
WIDTH (mm) 1.00 1.30
PROLOCULUS (mm) .08 .05
VOLUTIONS 9 11.5
45. Wedekindellina euthysepta (Henbest)
SPECIMEN UA-1704 UA-1705 UA-1706 UA-1707
LENGTH (mm) Sagittal 3.20 4.00 2.66..
WIDTH (mm) .86 1.00 1.23 .86
PROLOCULUS (mm) .05 .06 .05 .07
VOLUTIONS 7 8 9.5 8
46. Wedekindellina excentrica (Roth and Skinner)
SPECIMEN UA-1708 UA-1709
LENGTH (mm) 3.30 3.20
WIDTH (mm) 1.10 1.20
PROLOCULUS (mm) .06 . 08
VOLUTIONS 10 10.5
47. Wedekindellina henbesti (Skinner)
SPECIMEN UA-1710 UA-1711 UA-1712
LENGTH (mm) 5.20 5.00 Sagittal
WIDTH (mm) .73 1.40 1.74
PROLOCULUS (mm) . 06 .07 .06
VOLUTIONS 7.5 10.5 11.5



231
48. Wedekindellina cf. W. matura Thompaon
SPECIMEN UA-1713 UA-1714
LENGTH (mm) 2.60 2.90
WIDTH (mm) .95 1.20
PROLOCULUS (mm) .10 .12
VOLUTIONS 6.5 5
49. Triticites acutuloides Ross
SPECIMEN UA-1715 UA-1716
LENGTH (mm) 5.10 4.20
WIDTH (mm) 1.50 1.50
PROLOCULUS (mm) . 08 .07
VOLUTIONS 6.5 6
50. Triticites bensonensis Ross and Tyrrell
SPECIMEN UA-1717 UA-1718 UA-1719
LENGTH (mm) 5.40 5.00 5.00
WIDTH (mm) 2.20 2.40 2.70
PROLOCULUS (mm) .09 .09 .10
VOLUTIONS 8 7.5 8
51. Triticites cf. T. burgessae Burma
SPECIMEN UA-1720 UA-1721 UA-1722 UA-1723
LENGTH (mm) 2.67 3.30 2.13 Sagitta
WIDTH (mm) 1.20 1.40 .93 1.40
PROLOCULUS (mm) .09 .07 .10 .10
VOLUTIONS 5.5 6.5 4.5 6.5
52. Triticites cf. T. confertoides Ross
SPECIMEN UA-1724 UA-1725
LENGTH (mm) 4.00 5.00
WIDTH (mm) 1.80 1.80
PROLOCULUS (mm) .15 .11VOLUTIONS 6 6
53. Triticites coronadoensis Ross and Tyrrell
SPECIMEN UA-1726 UA-1727 UA-1728
LENGTH (mm) 5.00 6.40 5.25
WIDTH (mm) 2.20 2.40 2.50
PROLOCULUS (mm) .10 .14 .10VOLUTIONS 6.5 6 7.5



54. Triticites cf. T. creekensis Thompson
SPECIMEN UA-1729 UA-1730
LENGTH (mm) 7.30 7.20
WIDTH (mm) 3.50 3.40
PROLOCULUS (mm) .16 .27
VOLUTIONS 7.5 7
55. Triticites fresnalensis Needham
SPECIMEN UA-1731
LENGTH (mm) 4.80
WIDTH (mm) 1.50
PROLOCULUS (mm) .12
VOLUTIONS 6
56. Triticites cf. T. imperialis Kauffman and Roth
SPECIMEN UA-1732
LENGTH (mm) 7.00
WIDTH (mm) 3.50
PROLOCULUS (mm) .21
VOLUTIONS 7.5
57. Triticites nebraskensis Thompson
SPECIMEN UA-1733 UA-1734 UA-1735
LENGTH (mm) Sagittal 4.20 4.00
WIDTH (mm) 1.45 1.40 1.40
PROLOCULUS (mm) .08 .08 .07
VOLUTIONS 6.5 6 6.5
58. Triticites cf. T. newelli Burma
SPECIMEN UA-1736 UA-1737 UA-1738
LENGTH (mm) 5.10 4.00 Sagittal
WIDTH (mm) 1.80 1.50 1.80
PROLOCULUS (mm) .10 .10 .10
VOLUTIONS 7 6 6.5
59. Triticites pygmaeus Dunbar and Condra
SPECIMEN UA-1739 UA-1740 UA-1741
LENGTH (mm) 4.20 2.05 Sagittal
WIDTH (mm) 1.30 .90 1.40
PROLOCULUS (mm) .14 .10 .10
VOLUTIONS 4.5 4.5 5



60. Triticites rhodesi Needham
SPECIMEN UA-1742 UA-1743 UA-1744
LENGTH (mm) Sagittal 6.80 6.40
WIDTH (mm) 3.20 3.20 3.05
PROLOCULUS (mm) .08 .09 .09
VOLUTIONS 8 8 8
61. Triticites cf. T. turgidus Dunbar and Henbest
SPECIMEN UA-1745 UA-1746
LENGTH (mm) 3.30 3.40
WIDTH (mm) 1.50 1.70
PROLOCULUS (mm) .10 .14
VOLUTIONS 5.5 5.5
62. Triticites whetstonensis; Ross and Tyrrell
SPECIMEN UA-1747 UA-1748 UA-1749
LENGTH (mm) 6.80 5.50 5.60
WIDTH (mm) 3.40 2.90 2.80
PROLOCULUS (mm) .09 .11 .10
VOLUTIONS 9 7.5 7.5
63. Triticites sp. A
SPECIMEN UA-1750
LENGTH (mm) 2.00
WIDTH (mm) 1.10
PROLOCULUS (mm) .07
VOLUTIONS 5.5
64. Triticites sp. B
SPECIMEN UA-1751 UA-1752
LENGTH (mm) 5.25 5.00
WIDTH (mm) 3.20 3.40
PROLOCULUS (mm) .15 .20
VOLUTIONS 7 7.5
65. Triticites sp. C
SPECIMEN UA-1753 UA-1754 UA-1755
LENGTH (mm) 7.90 7.70 7.60
WIDTH (mm) 2.80 2.80 2.20
PROLOCULUS (mm) .19 .18 .16
VOLUTIONS 7 6 7.5
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66. Triticites sp. D
SPECIMEN UA-1756
LENGTH (mm) 1.70
WIDTH (mm) .90
PROLOCULUS (mm) .10 
VOLUTIONS 5
67. Dunbarinella ervinensis Thompson
SPECIMEN UA-1757 UA-1758
LENGTH (mm) 6.00 6.30
WIDTH (mm) 2.10 2.20
PROLOCULUS (mm) . 05 .06
VOLUTIONS 9 9
68. Dunbarinella cf. D. skinneri Kauffman and Roth
SPECIMEN UA-1759 UA-1760 UA-1761 UA-1762
LENGTH (mm) 4.80 5.00 4.60 4.00
WIDTH (mm) 2.10 2.60 2.30 2.05
PROLOCULUS (mm) .09 .06 .08 .09
VOLUTIONS 9 9 9.5 9
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Section 1: Salt River Canyon

Section measured in road cuts along U. S. highway 60 
on the north side of the Salt River Canyon. The base of the 
section is exposed in road cuts 4.2 miles north of the Salt 
River Canyon Bridge and on the south side of the highway 0.3 
miles south of the Salt River Canyon truck pull out. The 
Naco-Supai contact is located 9.5 miles north of the bridge.
Upper contact: conformable contact with the overlying Supai 
Formation.
Upper Pennsylvanian Series
NACO FORMATION-Missourian Stage
Unit 
No.

Thickness in feet 
Unit Above base

Strike N. 7° E., dip 11° E. 911
124 Variegated shale: grayish red (5R 4/2) to

grayish purple (5P 4/2) ...................  26 885
123 Poorly washed biosparrudite: silty, medium 

light gray (N6) to light brownish gray 
(SYR 6/1) , weathering same, thin bedded; 
silty stringers; fossils include brachiopod 
fragments, foraminifera and algae (Codiacea 
and Porostromata) ..........................  1 884

122 Siltstone: siliceous with micrite pebbles,
light brownish gray (SYR 6/1) to pinkish gray
(SYR 8/1), weathering pale red (10R 6/2);
nodular with shale partings ...............  4 880

121 Intraclastic micrite: silty; mottled pale 
red (10R 6/2) to greenish gray (5GY 6/1), 
weathering light gray (N7) to pale red 
(SR 6/2) ; thin bedded; clasts of micrite 
show desiccation cracks and were soft when 
recemented with a silty and argillaceous 
matrix; rare foraminifera .................  7 873
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120

119

118

117

Fossiliferous micrite: argillaceous, silty, 
pale red (10R 6/2) to pale red purple 
(5RP 6/2) , weathering pale red (5R 6/2) to 
grayish orange pink (5YR 7/2); thin bedded; 
fossils include foraminifera, Bryozoa, 
brachiopod and ostracode fragments. Insolu
ble residue yielded crinoid and echinoid 
fragments, fish teeth and scales, and 
conodonts including Adetognathus gigantus, 
Ligonodina sp., and Hindeodella sp.........  6
Biomicrite: silty, argillaceous, light 
brownish gray (SYR 6/1), weathering light 
brown (SYR 6/4) ; thin bedded; gastropods, 
ostracodes, crinoid columnals, and 
foraminifera ............................... 3
Biomicrudite and very poorly washed 
biosparrudite: argillaceous, some silt, 
light brownish gray (SYR 6/1), weather
ing moderate reddish orange (10R 6/6); 
medium bedded; Bryozoa fragments, gastro
pods, echinoid spines, algae (Codiacea ’ 
and Porostromata), foraminifera, brachio- 
pods and brachiopod fragments, crinoid 
debris; fragments often filled with micrite. 
Insoluble residue yielded iron oxide, 
crinoid fragments, fish scales and teeth, 
and conodonts including Adetognathus 
gigantus, A. lautus, A. sp. A, Ligonodina 
sp. and Hindeodella sp.....................  3
Shale and conglomerate: argillaceous, silty, 
conglomerate grayish orange pink (SYR 7/2) 
to medium light gray (N6), weathering pale 
red (10R 6/2) ; shale light brownish gray 
(SYR 6/1), weathering moderate red (SR 5/4) 
to greenish gray (5G 6/1); conglomerate as 
lenses up to 4 inches thick and several feet 
long in the shale, some siltstone with very 
fine pebble to very fine sand-size micrite 
particles; micrite particles and fossil 
fragments SA to WR; fossils include ostra
codes, Bryozoa, foraminifera and brachiopod 
fragments .................................

867

864

861

5 856
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116 Alternating micrite and shale: micrite silty, 

argillaceous, medium light gray (N6) to pale 
red (5R 6/2), weathering pale red (10R 6/2) 
to yellowish gray (5Y 7/2), shale weathering 
light brownish gray (SYR 6/2) to pale red 
(SR 6/2) ; thin bedded; lower micrite almost 
entirely replaced by chert; unit becomes a 
micritic siltstone near top. Insoluble 
residue yielded iron oxide pseudomorphous 
after pyrite, rare ostracodes replaced by 
iron oxide, crinoid columnals, and conodonts 
including Adetognathus gigantus, A. lautus,
A. cf. A. spathus, Hindeodella sp., and
(JzarkodTna sp............................... 13.5 842.5

Strike N. 74° W., dip 3° N.
115 Alternating shale and sparse biomicrite: 

argillaceous, silty, light brownish gray 
(SYR 6/1), weathering light gray (N7), 
shale same; thin bedded; much clay, ostra
codes, Bryozoa, foraminifera, crinoid 
columnals, brachiopod and pelecypod frag
ments. Insoluble residue yielded crinoid 
columnals, rare fish remains and rare 
conodonts including fragments of Hindeo
della , Ozarkodina, Metalonchodina^ and
Ligonodma .................................  9.5 833

114 Alternating shale and argillaceous micritic 
siltstone: light olive gray (5Y 6/1) to 
grayish purple (5P 4/2), weathering pale 
red (10R 6/2) to light brownish gray (SYR 
6/1), shale light brownish gray (5YR 6/1), 
weathering pinkish gray (SYR 8/1); thin 
bedded; medium to coarse silt. SA-SR, some 
fossils near base including ostracodes, 
corals, crinoid columnals, and brachiopod 
fragments, some fossils repalced by red 
chert ......................................  15 818

113 Alternating shale and poorly washed bio- 
pelsparite: pale red (10R 6/2) to grayish 
orange pink (SYR 7/2), weathering grayish 
orange pink (10R 8/2); shale pinkish gray 
(SYR 8/1), weathering same; thin bedded; 
shale is calcareous; fossils include ostra
codes, Bryozoa, crinoid columnals, and 
foraminifera. Insoluble residue yielded
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iron oxide fragments, pelecypods, abundant 
fish teeth and scales, and abundant cono- 
donts including Adetognathus lautus, A. 
missouriensis, Spathognathodus minutus,
Neoprioniodus cf. N. loxus, Ligonodina sp.,
and Hindeodefla sp.......................... 21 797

112 Shale and siltstone: siltstone grayish red 
purple (5RP 4/2), weathering brownish gray 
(SYR 4/1) to grayish orange pink (SYR 7/2), 
shale variegated from grayish red (SR 4/2) 
to grayish purple (SP 4/1) ; thin bedded; 
siltstone in the middle of the unit, some 
clay, silt coarse to medium grained, SA-SR, 
moderately well sorted. Insoluble residue 
yielded conodonts including Gnathodus bass - 
leri bassleri and fragments of Hindeodella, 
MetalonchodirTa, and Ozarkodina ............  13 784

Strike N. 38° W., dip 19° W.
Ill Sparse biomicrite and fusulinid biomicru- 

dite: light gray (N7), weathering same to 
pale red (SR 6/2); thin bedded; fossils 
include Bryozoa, brachiopods including 
Composita, Codiacean algae, crinoid colum- 
nals, ostracodes, foraminifera and fusu- 
linids including Triticites nebraskensis,
T. cf. T. burgessae, and T. cf. T. newelli.
Insoluble residue yielded iron oxide frag
ments, rare gastropods, fish teeth and 
scales and conodonts including Idiognathodus 
delicatus , St rep to gnathodus cf. S. elcgant~ur 
lus, S. cf. S. gracilis, Gnathodus bassleri 
bassleri, Adetognathodus missouriensis, A. 
sp. A, Spathognathodus cnstulus, Ligonodina
sp., and Ozarkodina sp...................... 4 780

110 Shale: grayish red (10R 4/2) to yellowish
gray (5Y 8/1) .... .........................  5 775

109 Biomicrudite: silty, light gray (N7),
weathering pale red (10R 6/2); thin bedded; 
gastropods, algae (Codiacea and Porostro- 
mata), brachiopod fragments and foramin
ifera. Insoluble residue yielded nothing 
but fine silt and clay .................... 2 773



108 Shale: silty, calcareous, grayish red
(10R 4/2) to yellowish gray (5Y 8/1) ......  34 739

107 Fossiliferous micrite and calcareous shale: 
argillaceous, silty; micrite mottled medium 
light gray (N6) to moderate red (5R 5/4), 
weathering pale red (10R 6/2) to light 
brownish gray (SYR 6/1) ; laminated to thin 
bedded; micrite broken up while soft and 
recemented by iron stained silty micrite; 
rare Bryozoa, foraminifera and brachiopod 
fragments. Insoluble residue yielded silt, 
clay and iron oxide fragments .............  11 728

106 Fusulinid biomicrudite and shale: silty, 
argillaceous; medium light gray (N6), 
weathering light brownish gray (SYR 6/1), 
shale light brownish gray (SYR 6/1); thin 
bedded; biomicrudite at top of unit contains 
gastropods, foraminifera and fusulinids 
including Triticites pygmaeus .............  5 723

105 Intraclastic micrite: argillaceous, silty;
mottled pale red (SR 6/2) to light gray (N7),
weathering grayish red (SR 4/2) to light gray
(N7); thin bedded to nodular with red shale
partings; intraclasts not transported very
far and were soft when recemented by silty
micrite and in some places by sparry calcite;
heavily iron-stained ...... ................  3 720

104 Fossiliferous micrite and biomicrudite: 
argillaceous; light gray (N7) to light 
brownish gray (SYR 6/1) , weathering pale 
red (10R 6/2) to pale yellowish brown 
(10YR 6/2) ; medium to thick bedded; the 
boundary between the two rock types is 
heavily iron-stained; fossils include 
Bryozoa, rare brachiopod fragments and 
foraminifera. Insoluble residue yielded 
iron oxide fragments, authigenic quartz 
crystals, gastropods, pelecypods, fish 
teeth and scales and conodonts including 
Idiognathodus delicatus, Streptognathodus 
cf. S. gracilis, Adetognathus lautus,
Hindeddella delicatula, and Ligonodina 
sp. ..................................

240

8.5 711.5
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103 Silty biomicrudite: argillaceous; medium

gray (N5), weathering pale red (5R 6/2) to 
medium light gray (N6); thin bedded; Bryozoa, 
crinoid columnals, brachiopod fragments and 
foraminifera. Insoluble residue yielded 
abundant gastropods, ostracodes, pelecypods, 
fish teeth and scales, and conodonts includ
ing Streptognathodus cf. S. elegantulus, S.
cf. S. gracilis, Adetognathus lautus,
Ozarlcodina sp., and Hindeodella sp.........  1.5 710

102 Shale and calcareous siltstone: partially 
covered; light brownish gray (5YR 6/1),
weathering same ............................ 8 702

Strike N. 66° W., dip 2° N.
101 Biosparrudite: slightly intraclastic; pale 

yellowish brown (10YR 6/2), weathering pale 
red (10R 6/2); thin bedded; clasts of mic- 
rite small and WR, fossils often replaced 
by sparry calcite and include crinoid 
columnals, brachiopod fragments, gastro
pods, and fusulinids including Triticites 
sp..........................................  4 698

100 Shale and biomicrite: light gray (N7), 
weathering pale red (10R 6/2) to light 
brownish gray (SYR 6/1), shale grayish red 
(5R 4/2), weathering same; laminated to nod
ular; rare brachiopod fragments and 
foraminifera. Insoluble residue yielded 
iron oxide fragments and conodonts includ
ing Adetognathus sp. A, Hindeodella sp.,
Ozarkodina sp~ and Streptognathodus sp. ... 6 692

99 Biomicrudite and biomicrite: silty; light 
brownish gray (SYR 6/1) to light olive 
gray (5Y 6/1), weathering light brownish 
gray (SYR 6/1) to pale red (10R 6/2); 
medium to thin bedded; coarse silt SR, 
moderately well sorted; fossils include 
crinoid columnals, Bryozoa, gastropods, 
ostracodes, some brachiopod fragments,
Komia, and foraminifera. Insoluble residue 
yielded iron oxide fragments, authigenic 
quartz crystals, abundant gastropods, crin
oid columnals, pelecypods, ostracodes, fish 
teeth and scales, and abundant conodonts
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including Idiognathodus delicatus, I_. meek- 
erensis, StreptognathocTus cf. S. elegantulus,
S. eccentricus, Ŝ. simulator, Ozarkodina 
spatula, 0. delicatula, Adetognathus lautus,
Tu sp. A, Spathognathodus cristulus, S. 
minutus, Euprioniodina sp. A, Ligonodiha 
sp., Neoprioniodina cf. N. loxus, Hindeo- 
della~~delicatula, HibbarcTella sp. , and 
Diplododella plana ......................... 7

98 Laminated sandstone: argillaceous, calcar
eous; light brownish gray (SYR 6/1), weath
ering pale red (10R 6/2) ; thin bedded; 
very fine quartz sand grains, SR, moder
ately well sorted .......................... 8

97 Algal, foraminiferal biosparrudite and shale: 
poorly washed, some silt; shale light gray 
(N7), weathering same, biosparrudite light 
olive gray (5Y 6/1) , weathering pale red 
(SR 6/2) ; nodular to laminated; silt dissem
inated and in patches, very fine grained, 
fossils include crinoid columnals, Bryozoa, 
brachiopod spines, algae (Codiacea, Komia, 
oncolitic Porostromata), free and encrusting 
foraminifera. Insoluble residue yielded 
iron oxide fragments, abundant gastropods, 
encrusting foraminifera, fish teeth and 
scales, and abundant conodonts including 
Idiognathodus delicatus, Streptognathodus 
cf. 8̂  elegantulus, Adetognathodus gigantus,
A. lautus, A. sp. A, Spathognathodus 
cristulus, Diplododella plana, Metalon- 
chodina cf. M. fragilis, andHindeodel1a 
sp.......................................... 11

96 Gastropodal biopelmicrudite: argillaceous;
light olive gray (5Y 6/1) , weathering yellow
ish gray (5Y 8/1), to light brownish gray 
(5YR 6/1); thin bedded; patches of biospar- 
ite, some fossils filled with sparry calcite, 
abundant gastropods and pelecypods, some 
oolites. Insoluble residue yielded authi- 
genic quartz crystals, fish fragments, and 
rare conodonts including fragments of 
Hindeodella and Ozarkodina ................  1

685

677

666

665
95 Shale: some silty micrite nodules; light 

gray (N7), weathering same ............ 6 659
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94 Micrite: silty, argillaceous; medium gray 

(N5), weathering light gray (N7); thin 
bedded. Insoluble residue yielded only 
silt and clay .............................. 4

93 Shale and micrite: argillaceous, silty,
dolomitic; mottled medium gray (N5) to pale 
red (5R 6/2), weathering medium gray (N5) 
to pale red (10R 6/2), shale weathering 
grayish red (5R 4/2) ; thin bedded; many 
cracks and holes filled with sparry 
calcite. Insoluble residue yielded silt, 
clay, and rhombohedrons of dolomite .......  5.5

92 Shale and micrite: argillaceous, silty,
dolomitic; pale yellowish brown (10YR 6/2), 
weathering mottled pale reddish brown 
(10R 5/4) to light olive gray (5Y 6/1), 
shale weathering light olive gray (5Y 6/1); 
thin bedded ................................ 2.5

91 Micrite: argillaceous, silty; medium gray
(N5), weathering greenish gray (5GY 6/1) to 
pale red (10R 6/2); thin bedded to nodular; 
desiccation cracks filled with sparry 
calcite, pelletal in places ...............  3

90 Shale and micrite: argillaceous, silty;
shale weathers grayish red (5R 4/2), micrite 
light gray (N7) to moderate red (5R 5/4), 
weathering yellowish gray (5Y 7/2) to pale 
red (10R 6/2); thin bedded; partially sili- 
cified. Insoluble residue yielded only silt 
and clay ................................. 2

89 Micrite: argillaceous, silty; pale yellowish 
brown (10YR 6/2), weathering grayish orange 
pink (SYR 7/2); thin bedded; desiccation 
cracks filled with sparry calcite, micrite 
pellets in some of the cracks. Insoluble
residue yielded only silt and clay ........  2

88 Concealed: .................................  8
Strike N. 27° E., dip 4° E.

87 Micrite: light gray (N7), weathering very
light gray (N8) to grayish orange pink (SYR 
7/2); thin bedded; some silt. Insoluble 
residue yielded only silt and clay ........  10

655

649.5

647

644

642

640
632

622
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86 Argillaceous biomicrudite and shale: silty; 

medium light gray (N6), weathering very 
light gray (N8) to pinkish gray (SYR 8/1), 
shale yellowish gray (5Y 8/1) to pinkish gray 
(SYR 8/1); laminated to thin bedded; fossils 
include brachiopods and brachiopod fragments, 
ostracodes, crinoid columnals, Bryozoa, and 
very rare fusulinids including Triticites 
sp. Insoluble residue yielded ostracodes, 
pelecypod fragments, fish fragments, and 
abundant conodonts including Idiognathodus 
lobatus, I. delicatus, I_. magnificus, I~ 
meekerensTs, Streptognathodus cancellosus,
SI eccentrTcus, S. simulator, cf. S. 
elegantulus, Adetognathus sp. A., Ligonodina 
lexingtonensis, Hindeodella delicatula, 
Hibbardella subacoda, Lonchbdina sp., 
Euprioniodina sp., and Ozarkodiha cf. 0. 
curvata ....................................  9

Desmoinesian Stage

85 Biomicrudite and intraclastic pelmicrite:
argillaceous; light brownish gray (SYR 6/1) 
to medium light gray (N6), weathering pale 
red (10R 6/2) to pinkish gray (SYR 8/1); 
thick bedded; base is biomicrudite with 
crinoidal debris, gastropods, ostracodes, 
free and encrusting foraminifera; top is 
intrapelmicrite with clasts from pebble to 
sand-size in micrite matrix that were soft 
when recemented; traces of fossils. Insolu
ble residue yielded iron oxide fragments, 
fish teeth and scales and abundant conodonts 
including Idiognathodus delicatus, Strepto- 
gnathodus cf. Si elegantulus, Adetognathodus 
sp. A, Spathognathodus minutus, S. cristu- 
lus, Ozarkodina cf. 07 curvata, 0. sp. A, 
Neoprioniodus~cf. N. loxus, Hindeodella 
delicatula, and Ligonodina sp..............  8

84 Alternating shale and nodular biomicrite: 
argillaceous, silty; nodules grayish red 
(10R 4/2) to medium light gray (N6) , weath
ering pinkish gray (SYR 8/1), shale pale red 
(10R 6/2); laminated to nodular; abundant 
very fine silt, ostracodes, brachiopod and 
Bryozoa fragments .......................... 10

613

605

595
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83 Biomicrudite: silty; medium dark gray (N4)

to light brownish gray (SYR 6/1) to pale red 
(5R 6/2), weathering light gray (N7), to 
grayish orange pink (SYR 7/2) ; medium to thick 
bedded; pelletal in places, intraclastic 
near top with clasts still in place; heavy 
iron staining in places; fossils include 
crinoid columnals, Bryozoa, brachiopod frag
ments, horn corals, free and encrusting 
foraminifera. Insoluble residue yielded 
iron oxide fragments, brachiopods and produc- 
tid fragments, abundant well preserved gas
tropods, ostracodes, pelecypods, fish scales 
and conodonts including Streptognathodus cf.
Sy elegantulus, Idiognathodus sp., Adeto- 
gnathus sp. A~ A. gigantus, A. lautus, 
Qzarkodina cf. (T. curvata, Metalonchodina 
cf. M. fragilis, Diplododella plana, 
Hindeodella delicatula, SpaTEognathodus
coloradoensis^ and Ligonodina sp. .... ..... 9 586

82 Shale: light gray (N7); a few micrite
nodules ....................................  2 584

81 Algal biomicrudite and shale: silty; medium 
gray (N5) to very light gray (N8), weather
ing pale red (10R 6/2) to light gray (N7); 
thin bedded; abundant ostracodes, algae 
(Codiacea), gastropods, and encrusting 
foraminifera (especially on the algae 
blades). Insoluble residue yielded brach
iopod fragments, fish fragments, and rare 
conodonts including Hindeodella delicatula . 4 580

80 Poorly washed biopelsparite and biomicrite: 
silty; medium light gray (N6) to pale red 
purple (5RP 6/2), weathering pale red (10R 
6/2); thick bedded, lower 2 feet very vuggy, 
with elongate solution cavities perpendicular 
to the bedding; fossils include algae, 
ostracodes, brachiopods, brachiopod and 
pelecypod fragments, gastropods, and 
foraminifera. Insoluble residue yielded 
iron oxide fragments, authigenic quartz 
crystals, abundant fish teeth and frag
ments, and abundant conodonts including 
Streptognathodus sp., Adetognathus sp. A,
Spathognathodus cristulus, Hindeodella 
delicatula, and III sp. TT............ 4 576
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79 Shale and nodular micrite: silty, argilla

ceous ; nodules light olive gray (5Y 6/1) to 
grayish purple (5P 4/2) , weathering light 
brownish gray (5YR 6/1) , shale medium 
light gray (N6); nodules confined to top 
2 feet; very rare ostracodes in the
micrite ....................................  6 570

78 Micrite and shale: argillaceous, silty;
medium gray (N5) to brownish gray (SYR 4/1), 
weathering light brownish gray (5YR 6/1) 
to pinkish gray (SYR 8/1) , shale light 
gray (N7); thin bedded to nodular; some 
sparry calcite in cracks and patches
toward the top, some lenses of shale .... . . 12 558

77 Concealed: 
stone and

float indicates 
shale ..........

nodular lime-
. . 25 533

76 Micrite: silty; medium gray (NS) to medium 
light gray (N6), weathering pale red (10R 
6/2) to light olive gray (5Y 6/1) ; thin 
bedded; thin section shows laminae of
sparry calcite and coarse silt, A-SA ......  3 530

75 Sparse biomicrite and shale: silty; shale 
pinkish gray (SYR 8/1), biomicrite light 
gray (N7), weathering very light gray (N8); 
laminated to thin bedded; patches and 
stringers of sparry calcite; fossils 
include ostracodes, foraminifera, pelecy- 
pod fragments partially replaced by red 
chert, and algae (Codiacea and Porostro- 
mata). Insoluble residue yielded only
fish fragments and bits of red chert ......  5 525

74 Nodular micrite and shale: calcareous; med
ium light gray (N6), weathering grayish 
orange pink (SYR 7/2), shale pinkish gray 
(SYR 8/1) ; nodular micrite in upper 6 feet 
of unit has cracks filled with sparry cal
cite and silt. Insoluble residue yielded 
only clay and silt ......................... 14 511

73 Micritic silts tone and silty micrite: light 
olive gray (5Y 6/1), weathering yellowish 
gray (5Y 8/1) ; thin bedded; intraclastic at 
top, micrite clasts sand and fine pebble- 
size, WR; coarse silt moderately well 
sorted, SA-SR ....................... 8 503
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72 Nodular micrite and variegated shale: argill

aceous, very silty; medium light gray (N7) 
to very light gray (N8), weathering light 
gray (N7), shale light brownish gray (SYR 
6/1) to pale brown (7YR 5/2); laminated to 
nodular; extremely high clay and silt
content in micrite ........................  5 498

71 Laminated micrite: medium light gray (N6), 
weathering light gray (N7) to pinkish gray 
(SYR 8/1) , abundant chert nodules weather 
moderate reddish brown (1 OR 4/6) ; thin 
bedded; little clay or silt. Insoluble 
residue yielded only iron oxide grains ....  5 493

70 Poorly washed biopelsparite and biopel- 
micrite: medium light gray (N6) to light 
brownish gray (SYR 6/1), weathering very 
light gray (N8); medium bedded; fossils 
include Bryozoa, gastropods, foraminifera, 
algae (Codiacea and Porostromata); some 
larger fossil grains partially replaced 
by chert. Insoluble residue yielded iron 
oxide grains, echinoid spines, foraminif-
era, and fish teeth and scales ............  3 490

69 Calcareous shale: pinkish gray (SYR 8/1),
weathering same ............................ 3 .487

68 Fossilifcrous micrite: argillaceous, silty; 
light gray (N7), weathering very light gray 
(N8) to light olive gray (5Y 6/1); thin bed
ded; clay and silt comprise SOI or more of 
the rock; ostracodes are the only fossils 
except near the top where the unit becomes 
intraclastic and the matrix yields encrust
ing foraminifera, brachiopod fragments, and 
Bryozoa. The matrix is biosparrudite and 
the clasts are fossiliferous micrite. Insol
uble residue yielded iron oxide grains, 
brachiopod fragments, and fish teeth and 
scales .....................................  7 480

67 Sparse biomicrite: argillaceous, silty;
light brownish gray (SYR 6/1), weathering 
pinkish gray (SYR 8/1) to very light gray 
(N8); thin bedded; scattered red chert 
nodules, larger fossil fragments replaced 
or partially replaced by red chert; more
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than 50% clay and silt; fossils mostly 
whole, ostracodes, Bryozoa, crinoid colum- 
nals, Komia and brachiopod fragments.
Insoluble residue yielded echinoid frag
ments , crinoid columnals and fish teeth 
and spines ................................. 5

Strike N. 52° W., dip 31° S.
66 Shale and calcareous siltstone: light gray 

(N7) to grayish orange pink (SYR 7/2), 
weathering pinkish gray (SYR 8/1); shale 
pinkish gray (SYR 8/1) , weathering same; 
laminated; very fine to fine grained silt, 
well sorted, SR; siltstone alternates 
with shale; top 5 feet covered ............  15

65 Argillaceous biomicrudite and shale: silty; 
partially intraclastic; clasts pale red (SR 
6/2) to grayish orange pink (SYR 7/2), weath
ering light brownish gray (SYR 6/1), matrix 
light olive gray (5Y 6/1) to medium light 
gray (N6), weathering yellowish gray (5Y 8/1) 
to light gray (N7), shale yellowish gray 
(5Y 8/1); thin bedded; alternating; high 
clay content, clasts silicified siltstone 
with biomicrite matrix, may be dolomitic; 
fossils include large horn corals, Bryozoa, 
brachiopods, crinoid columnals, echinoid 
plates and spines, and fusulinids including 
Beedeina bowiensis and B. cf. B . bowiensis. 
Insoluble residue yielded crinoid colum
nals, brachiopod fragments, fish teeth, 
and rare unidentifiable conodont frag
ments ......................................  12

64 Fusulinid biomicrudite and shale: silty;
argillaceous; light brownish gray (SYR 6/1), 
weathering pale red (10R 6/2) to very light 
gray (N8), shale light gray (N7); high clay 
content; biomicrite "nodules” surrounded by 
fusulinid biomicrudite with some sparry cal- 
cite as matrix; fossils include Bryozoa, 
brachiopod fragments and whole brachiopods, 
gastropods, corals, crinoid columnals, foram- 
inifera, and fusulinids including Beedeina 
leei, B. cf. B. haworthi, and B. rockymon- 
tana. Insoluble residue yielded clay and 
brachiopod fragments ....................... 41

478

460

448

407
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Intraclastic siltstone and silty shale: 
siltstone medium gray (N5), shale same, 
both weathering pinkish gray (SYR 8/1); 
laminated, nodular at base; micritic silt
stone matrix with clasts of siltstone, some 
argillaceous stringers; silt fine to coarse,
SA-SR.......................................  9 398
Micrite and shale: argillaceous; medium gray
(NS) to light gray (N7), weathering pinkish
gray (SYR 8/1) to light gray (N7), shale light
gray (N7); laminated; some areas of micrite
clasts with poorly washed sparry calcite
matrix; fossil fragments extremely rare,
brachiopod and ostracode fragments ....... 16 382
Shale and argillaceous micrite: silty, medium
gray (NS), weathering light gray (N7), shale
light gray (N7); thin bedded, shows cross
lamination ............... .................  4 378
Shale and bryozoan biomicrudite: silty; 
argillaceous; light gray (N7), weathering 
light brownish gray (SYR 6/1), shale light 
brownish gray (SYR 6/1); laminated and 
alternating shale and biomicrudite; brachio- 
pods and especially Bryozoa very abundant.
Insoluble residue yielded only silt, clay
and brachiopod fragments ............. ..... 7 371
Micrite and packed biomicrudite: silty; 
medium light gray (N6), weathering pinkish 
gray (SYR 8/1) to very light gray (N8); thin 
bedded; shale near the top, base is burrowed 
micrite with much clay; top of biomicrudite 
with abundant brachiopods including Spirifer,
Bryozoa, ostracodes and trilobite fragments;
at very top are some thin lenses of bio-
sparite that contain dolomite and squashed
fossils ......... ..........................  7 364
Brachiopodal biomicrudite and biosparrudite: 
sandy; medium gray (NS) to pale red (SR 6/2) 
to light gray (N7), weathering grayish pink 
(SR 8/2) to very light gray (N8); medium 
bedded; biosparrudite occurs near the middle 
of the unit; sand very fine grained and mod
erately well sorted, SA-SR; some strongly



intraclastic silty zones; a few sand-size 
chert grains that are surrounded by iron 
oxide haloes; fossils decrease in abundance 
toward the top and include abundant Bryozoa, 
very abundant brachiopods, corals, echinoid 
spines, and crinoid columnals. Insoluble 
residue yielded rare chert grains, abundant 
echinoid spines, and rare conodonts includ
ing Hindeodella sp.......................... 8
Nodular biomicrite and shale: silty; medium 
gray (N5) to light olive gray (5Y 6/1), 
weathering very light gray (N8) to light 
greenish gray (5G 8/1) to yellowish gray 
(5Y 8/1) , shale light gray (N7); laminated 
to nodular, bottom part has nodules that are 
intraclastic and very silty and argillaceous; 
silt is medium to coarse, poorly sorted and 
A-SA; fossils in the upper part are replaced 
by sparry calcite and in some places there 
is bird's eye structure; fossils include 
brachiopod fragments, crinoid debris, foram- 
inifera, and fusulinids including Beedeina 
bowiensis, B. cf. B. girtyi, Fleetofusulina 
needhami, P. sp., and Eostaffella. Insoluble 
residue yielded iron oxide fragments, fish 
teeth and spines, and conodonts including 
Idiognathodus meekerensis, delicatus, 
and Hindeodella sp.......................... 12
Sandstone: light olive gray (5Y 6/1), weath
ering light to very light gray (N7-8); thin 
bedded; very fine grained sand moderately 
well sorted, SA-SR; some silty and argilla
ceous stringers, silica cement ............  1
Fossiliferous micrite and shale: silty; med
ium light gray (N6) to greenish gray (5GY 
6/1), weathering very light gray (N8) to 
grayish yellow green (5GY 7/2), shale yel
lowish gray (5Y 7/2); laminated to thin bed
ded; sparry calcite stringers in the lower 
part are desiccation cracks, bird's eye 
structure; fossils include rare ostracodes 
and foraminifera. Insoluble residue yielded
only iron oxide fragments .................  6
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54 Fossiliferous micrite and shale: silty;

light gray (N8), weathering same to white 
(N9), shale very light gray (N8); nodular; 
rare brachiopods and ostracodes in micrite, 
abundant brachiopods in shale .............  3

53 Packed biomicrite and shale: light gray (N7) 
to pale red purple (5RP 6/2), shale pinkish 
gray (SYR 8/1); thin bedded, alternating; 
fossils replaced by sparry calcite and in
clude brachiopod fragments, ostracodes, 
crinoid columnals, and foraminifera. Insol
uble residue yielded iron oxide grains, 
barite, fish teeth and spines, and concdonts 
including Adetognathus lautus, Ozarkodina 
sp., and Hindeodella sp....................  8

52 Mud pelletal micrite: silty; mottled medium 
light gray (N6) to light gray (N7), weather
ing very light gray (N8) to pinkish gray 
(SYR 8/1); thin bedded; some sparry calcite;
silt confined to pellets ..................  1.

51 Shale: light gray (N7), weathers same .....  4.
50 Argillaceous micrite: silty; light gray (N7) 

to light olive gray (5Y 6/1), weathering 
very light gray (N8) to yellowish gray (5Y 
8/1); nodular to medium bedded; very high 
clay content; free fossils in shale between 
nodules at base of unit include brachiopods 
and echinoid plates; only rare fossil frag
ments in micrite ........................... 6

49 Shale: silty; grayish purple (5P 4/2), 
weathering pale purple (5P 6/2) to very 
light gray (N8); silt medium to very 
coarse .....................................  5

48 Sparse and nodular biomicrite: very silty; 
medium light gray (N6), weathering light 
gray (N7) to very light gray (N8); nodular 
to thin bedded; fossils include ostracodes, 
brachiopod fragments, crinoid columnals, 
Bryozoa, foraminifera, and rare fusulinids 
including Beedeina sp. Insoluble residue 
yielded iron oxide grains and conodonts 
including Adetognathus sp..................  5

334

326

5 324.5
5 320

314

309

304
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47 Fossiliferous micrite: argillaceous, silty; 
chert nodules; medium light gray (N6), 
weathering light gray (N7), chert pale red
dish brown (10R 5/4); thin bedded; some 
fossil fragments replaced by red chert in 
lower part of unit; fossils include brachio- 
pod fragments, crinoid debris, foraminifera 
and very rare fusulinids including Beedeina 
sp. Insoluble residue yielded fish teeth 
and fragments and conodonts including 
Hibbardella obtusa and fragments of Idio- 
gnathodus and Spathognathodus .............  3

46 Nodular biomicrite in shale: medium gray 
(N5), weathering light gray (N7), shale 
light gray (N7); nodular; fossils include 
large crinoid columnals, corals, and brach- 
iopods including Composita ................  5

Strike N. 20° W., dip 14° E.
45 Banded biomicrite: silty; medium dark gray 

(N4) to medium light gray (N6), weathering 
medium light gray (N6) to light gray (N7); 
thin bedded; fossils replaced by sparry cal- 
cite for most part and include brachiopod 
fragments, echinoid spines, foraminifera, 
and fusulinids including Beedeina bowiensis,
B. tumida, and Wedekindellina henbesti. 
Tnsoluble residue yielded iron oxide grains, 
fish scales and teeth, and conodont frag
ments .  ....................................  2

44 Shale and intraclastic biosparrudite: silty; 
medium gray (N5), weathering light gray (N7), 
shale light gray (N7); thin bedded; biospar
rudite in middle of shale, some silt string
ers, micrite clasts and pellets in sparite 
matrix SA-WR; fossils in biosparite include 
crinoid columnals, Bryozoa, foraminifera and 
fusulinids including Beedeina cf. IS. haworthi 
and Fleet of usulina sp....................... 10

43 Sparse biomicrite and shale: silty, argilla
ceous; medium light gray (N6), weathering 
very light gray (N8) to yellowish gray (5Y 
6/1), shale yellowish gray (5Y 6/1) ; nodular 
to medium bedded; much clay and silt in lower 
two-thirds of unit, none in rest of biomic
rite; fossils include ostracodes, brachiopod

301

298

296

286
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fragments, free brachiopods in shale includ
ing Mesolobus, foraminifera, and very rare 
fusulinids including Plectofusulina sp. 
Insoluble residue yielded brachiopod frag
ments , fish fragments, and conodonts 
including Idiognathodus delicatus, Adeto- 
gnathus gigantus, Hibbardella acuta^ and 
Hindeodella sp.............................. 8

42 Nodular shale and sandstone: nodules medium 
light gray (N6), weathering light gray (N7), 
shale light gray (N7); sandstone light olive 
gray (5Y 6/1), weathering light gray (N7) 
to light olive gray (5Y 6/1) ; laminated; 
nodules of micrite; sandstone as a 1-foot 
bed in middle of shale, sand very fine 
grained, SR, moderately well sorted with 
stringers of silt and clay, free brachio
pods including Derbyia in shale ...........  8.

41 Packed biomicrudite and micrite: medium 
gray (N5) to light olive gray (5Y 6/1), 
weathering light gray (N7) to very light 
gray (N8); laminated to thin bedded; upper 
part has desiccation cracks filled with 
sparry calcite and is unfossiliferous; 
fossils in lower part include gastropods, 
brachiopod fragments, ostracodes, foramin
ifera, and fusulinids including Beedeina 
plena, B . tumida, Wedekindellina cf. IV. 
el 1 ipsoTdes, W. euthysenta, W~. excentrica, 
and BostaffelTa sp. Insoluble residue 
yielded iron oxide grains, fish teeth and 
spines, and conodonts including Gnathodus 
bassleri bassleri, Spathognathodus c n s - 
tulus, and Idiognathodus meekerensis ......  5.

40 Nodular micritic siltstone and shale:
argillaceous; light gray (N7) to yellowish 
gray (5Y 8/1) , weathering same; laminated 
to nodular; fine to coarse silt; SA-SR, 
poorly sorted; fossils replaced in part by 
sparry calcite and include brachiopod frag
ments, ostracodes, and foraminifera. Insol
uble residue yielded fish teeth and spines 
and conodonts including fragments of 
Hindeodella and Ligonodina ................  3

278
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5 264
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39 Poorly washed foraminiferal biosparite
and shale: chert nodules; medium gray (N5), 
weathering light gray (N7), shale medium 
light gray (N6) to light brownish gray 
(SYR 6/1); thin bedded; scattered red chert 
nodules; fossils include ostracodes, brach- 
iopod fragments, Bryozoa, gastropods, 
algae (Dasycladacea), abundant foraminifera, 
and fusulinids including Staffella sp.
Insoluble residue yielded crinoid columnals, 
echinoid spines, and conodonts including 
Idiognathodus sp., Adetognathus gigantus,
A. lautus, Spathogn'athodus cristulus, and
Hindeodella sp.............................. 9 252

38 Fusulinid biomicrudite: silty; chert nodules; 
medium light gray (N6), weathering light 
gray (N7), chert pale red (10R 6/2); thin 
bedded; basal 1 foot intraclastic, chert 
zone 1 to 4 inches thick and almost contin
uous in middle of unit, silt as stringers 
near base; fossils include foraminifera 
and fusulinids in both the micrite and the 
chert including Beedeina cf. B. arizonensis,
B. cf. B. cedarensis, BT cf. F. hav.’ortlTT̂
F. cf. B. pristina, Eostaffella sp. and 
FtaffelTa sp. Insoluble residue yielded 
fish teeth and spines and conodonts includ
ing Idiognathodus magnificus, J. meeker- 
ensis, Hibbardella obtusa, Spathognathodus 
cristulus, Ozarkodina spatula, and Hindeo-
della S T ) ..................................................................................................................................... . 4.5 247.5
Shale: 
same .

medium light gray (N6), weathering
. 2.5 245

36 Intraclastic micrite: silty; medium gray 
(N5), weathering medium light gray (N6); 
medium bedded to nodular. Insoluble resi
due yielded silt, clay, iron oxide frag
ments and chert ............................ 5 240

35 Concealed between road cuts ...............  4 236
Strike N. 50° E., dip 3° S.

34 Intraclastic biomicrite and poorly washed 
biopelsparite and shale: chert nodules; 
medium light gray (N6), weathering light
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gray (N7), shale light gray (N7); lamina
ted to thin bedded; coral and brachiopod 
fragments replaced by red chert, other 
fossils including ostracodcs and foramini- 
fera not replaced .......................... 5.5

33 Brachiopodal biomicrudite and shale: silty; 
cherty; medium light gray (N6), weathering 
pinkish gray (5YR 8/1), chert medium gray 
(N5), weathering light gray (N7), shale 
light gray (N7); thin bedded to laminated; 
brachiopod fragments aligned and crushed ... 13.

32 Brachiopodal biomicrudite: light gray (N7), 
weathering light brownish gray (SYR 6/1) 
to very light gray (N8); thick bedded; some 
silt; fossils include ostracodes and very 
abundant brachiopod fragments. Insoluble 
residue yielded silt, ostracodes, brachio
pod fragments and rare fish fragments .....  3

31 Silty micrite and micritic siltstone: chert 
nodules; moderate red (5R 5/4) to pale red 
(5R 6/2), weathering pale red (10R 6/2) to 
grayish pink (5R 8/2) ; thin bedded to lam
inated; silt fine, SA-SR, moderately well 
sorted ............... ....................  10

30 Biomicrite: silty, argillaceous; light
brownish gray (10YR 6/1) , weathering light 
gray (N7); thin bedded; larger fossil frag
ments partially replaced by red chert; 
fragments show preferred orientation and 
include whole brachiopods, brachiopod frag
ments, Bryozoa, corals, ostracodes, and 
crinoid debris. Insoluble residue yielded 
silt, chert-replaced fossil fragments, 
and parts of the above listed fossil 
grains .....................................  7

29 Calcareous shale with biomicrudite lenses: 
very silty; light gray (N7), weathering 
very light gray (N8), shale very light gray 
(N8); laminated; much clay; some fossils 
partially replaced by red chert and include 
crinoid columnals, corals, brachiopods, 
and brachiopod fragments, and abundant 
Bryozoa ....................................  10
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28 Intraclastic mudstone: silty; pinkish gray 
(SYR 8/1) , weathering very light gray (N8); 
nodular; biopelmicrite clasts are broken up, 
matrix very silty mudstone; fossils include 
ostracodes, rare gastropods, brachiopod 
fragments, foraminifera, and very rare 
fusulinids including Fleetofusulina. Insol
uble residue yielded iron oxide grains and 
rare conodonts including Adetognathus lautus 
and Ozarkodina sp........................... 9 178

27 Biomicrite: silty; pale red (5R 6/2),
weathering light brownish gray (SYR 6/1); 
thin to medium bedded; slightly intraclastic 
near top, silt in stringers, some sparite 
patches; fossils include ostracodes, echin- 
oid spines, brachiopod fragments, algae 
(Komia, broken and abraded), foraminifera, 
and fusulinids including Pseudostaffella 
hollingsworthi and Frumentella exemola.
Insoluble residue yielded fish teeth and
rare unidentifiable conodont fragments .... 3 175

26 Shale: silty; variegated yellowish gray
(5Y 8/1) to light red (SR 6/6) to pale red
purple (5RP 6/2); fissile; some rare micrite
nodules .................................... 10 165

Strike E.-W., dip 3° N.
25 Micrite: silty; light brownish gray (SYR 

6/1) to moderate red (5R 5/4), weathering 
pinkish gray (SYR 8/1); thick bedded; 
slightly intraclastic in places, iron 
stained. Insoluble residue yielded only 
iron oxide fragments ......................  3 162

24 Micrite and shale: argillaceous; light
brownish gray (SYR 6/1), weathering pinkish 
gray (YR 8/1), shale light gray (N7); thick 
bedded to nodular; much clay, some patches 
of sparry calcite; rare brachiopods replaced 
by red chert, other fossils including brach
iopod fragments, ostracodes, and foramin
ifera are not replaced ....................  7 155

23 Shale: partially covered, light gray (N7),
weathering same ............................ 13 142
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22 Micrite: light brownish gray (SYR 6/1),

weathering light gray (N7); medium bedded;
unfossil if erous ............................ 2 140

21 Nodular biomicrite and shale: silty, sandy, 
argillaceous; medium gray (N5), weathering 
very light gray (N8), shale medium light 
gray (N6); nodular; medium silt to very 
fine sand; fossils include Bryozoa, ostra- 
codes, brachiopod fragments, algae (Komia), 
and fusulinids toward the top including 
Fusulinella cf. F. alta. Insoluble residue 
yielded iron oxide grains, fish teeth and 
fragments, and conodonts including Idio- 
gnathodus delicatus, Gnathodus bassleri 
bassleri, Hindeodella sp. and Ligonodina 
sp.................. .........7777777777___  13 127

20 Intraclastic micrite: silty and sandy;
clasts brownish gray (SYR 4/1) , matrix 
medium gray (NS), both weathering light 
brownish gray (SYR 6/1); medium bedded; 
medium silt to very fine sand in the
matrix .....................................  2 125

19 Intraclastic micrite nodules in shale:
silty and sandy; clasts brownish gray (SYR 
4/1), weathering light brownish gray (SYR 
6/1), matrix medium gray (NS), weathering 
medium light gray (N6), shale light gray 
(N7); nodular; nodules up to 1 inch; coarse 
silt to very fine sand most abundant in the 
matrix; brachiopod fragments in the matrix
and very rare fusulinids in the clasts ....  5 120

18 Concealed: ................................. 10 110
Strike N. 10° E., dip 4° E.

17 Biomicrite: silty, argillaceous; medium 
gray (NS), weathering pinkish gray (SYR 
8/1); thin to thick bedded; some interspaced 
shale, chert nodules; some poorly washed 
biosparite; some fossils replaced by sparry 
calcite including foraminifera, brachiopod 
fragments, ostracodes, crinoid columnals, 
gastropods, and rare Bryozoa, Insoluble 
residue yielded iron oxide grains and rare
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conodonts including Adetognathus gigantus,
A. lautus, Synprioniodina sp., and Hindeo- 
cTella sp. .................................. 9

16 Fusulinid biomicrudite: silty; medium gray 
(N5), weathering pinkish gray (SYR 8/1); 
medium bedded with chert nodules; iron 
stained in places; fossils include crinoid 
columnals, brachiopod fragments, ostracodes, 
foraminifera, algae (Dasycladacea), and 
fusulinids including Beedeina pattoni, B. 
portalensis, B. cf. B. haworthi, and Miller- 
ella sp~ Insoluble residue yielded iron 
oxide fragments, fish fragments, and cono
donts including Adetognathus lautus .......  3

15 Calcareous shale: very light gray (N8),
weathering same ............................ 2
Nodular biomicrite in shale: silty; medium 
gray (N5), weathering medium light gray 
(N6), shale medium light gray (N6); nodular, 
nodules have been broken up and recemented;
2 foot bed of intraclastic sparite near 
the top with clasts of fossiliferous micrite 
up to three-fourths inch long with silt 
stringers in the matrix; fossils include 
brachiopod fragments and very rare fusu
linids .....................................  7

13 Biomicrite: very silty; medium gray (N5), 
weathering light gray (N7) to very light 
gray (N8), shale near the base medium light 
gray (N6); thin bedded; iron-stained toward 
the top; fossils include algae, Bryozoa, 
ostracodes, foraminifera, and fusulinids 
including Beedeina euryteines and Wedekin- 
dellina cf. W. matura. insoluble residue 
yielded Bryozoa^ echinoid spines, holo- 
thurian plates, foraminifera, gastropod 
fragments, and conodonts including Adeto
gnathus lautus, Idiognathodus sp., and 
HindeoJella sp.............................. 8

12 Intraclastic micrite and shale: argillaceous, 
nodular, silty; nodules dark gray (N4), 
weathering very light gray (N8), shale 
medium light gray (N6); laminated; coarse
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sand and pebble-size lumps of micrite and 
silty micrite cemented by siltstone, silty 
micrite, and sparry calcite ...............  3
Biomicrite: slightly intraclastic; brown
ish gray (SYR 4/1) , weathering medium light 
gray (N6) to light gray (N7); thin bedded; 
some silt stringers; clasts are micrite and 
biopelmicrite, highly disturbed; very fine 
silt has penetrated the rock; fossils include 
ostracodes, brachiopods, algae?, foraminifera 
and fusulinids including Wedekindellina 
euthysepta. Insoluble residue yielded fish 
teeth and conodonts including Idiognathodus 
meekerensis, Spathognathodus coloradoensis% 
Ozarkodina cf. 0. curvata, Synprioniodina~ 
sp., and HindeocTella sp. ..................  3

Strike N. 10° E., dip 18° W.
Nodular fusulinid biomicrudite: silty; shale 
partings; brownish gray (SYR 4/1), weather
ing pinkish gray (SYR 8/1) ; nodular to lamin
ated; fossils include Bryozoa, ostracodes, 
echinoid spines, brachiopods, foraminifera, 
and fusulinids (some free in shale) includ
ing Beedeina leei, B. hayensis, B. cf. B. 
arizonensis, Parafusulinella sp., EostaTfella 
sp. A, and Plectofusulina sp. B. Insoluble 
residue yielded iron oxide fragments and 
rare conodont fragments including Hindeo- 
della sp. ..................................  4
Shale and sandstone: silty, calcareous; 
sandstone medium gray (N5), weathering 
grayish purple (5P 4/2) to dusky blue (5PB 
3/2), shale medium light gray (N6) ; lamin
ated; fine grained sand, poorly sorted,
SR-R, grades into laminated siltstone up
ward and into silty shale in the upper two- 
thirds of the unit. Insoluble residue yield
ed rare fish fragments and conodonts includ
ing Idiognathodus delicatus and I_, meeker
ensis ......................................  11
Intraclastic biosparrudite: grayish black 
(N2) to medium light gray (N6) clasts in 
dark yellowish orange matrix (10YR 6/6), 
weathering light brownish gray (SYR 6/1);



medium bedded; sandstone clasts R-WR with 
coarse sand grains SR-R; biosparrudite 
matrix is iron-stained and contains brach- 
iopods, crinoid debris, foraminifera, and 
fusulinids including Beedeina sp., and 
Plectofusulina sp........................... 2
Sandstone: micritic; pale yellowish brown 
(10YR 6/2) , weathering dark yellowish 
orange (10YR 6/6) ; thin bedded; sand medium 
to coarse grained, SA-SR, moderately well 
sorted, iron-stained, silica cement in 
patches, but mostely calcareous cement .... 3
Siltstone: calcareous, argillaceous; dark 
yellowish orange (10YR 6/6), weathering 
same; thin bedded; medium grained, SA-SR, 
poorly sorted .............................. 4
Calcareous sandstone: grayish orange (10YR 
7/4), weathering pale yellowish orange (10YR 
8/6); thin bedded; sand coarse to very fine 
grained, A-SA, grades upward into laminated 
sandstone with fossil fragments and some 
small micrite pebbles; sparry calcite between 
some laminae; crinoid and brachiopod frag
ments, and fusulinids including Beedeina 
hayensis, B . cf. B . arizonensis, Wedekfn- 
dellina~henbesti, Fusulinella famula, cf.
F. oakensis, and Profusulinella plummeri ... 4
Shale: calcareous; yellowish gray (SYR 8/1) 
to light gray (N8) ; some micrite nodules; 
brachiopod fragments and very abundant 
fusulinids including Beedeina hayensis, B. 
insolita, B . cf. B̂. arizonensis^ and Fusu- 
linella famula ............................. 3
Packed biomicrudite: silty; light brownish 
gray (SYR 6/1), weathering light gray (N7); 
thin bedded; fossils include crinoid colum- 
nals, echinoid spines, brachiopod fragments, 
abundant foraminifera, and fusulinids includ
ing Profusulinella sp., and Plectofusulina 
sp. Insoluble residue yielded silt^ iron 
oxide fragments and echinoid spines .... 4
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2 Sparse biomicrite: nodular, silty, argilla
ceous; medium dark gray (N4), weathering 
pinkish gray (SYR 7/1) ; slightly intraclas- 
tic with fine sand-size micrite clasts; 
fossils include ostracodes, foraminifera, 
and crinoid and brachiopod debris. Insolu
ble residue yielded iron oxide grains and 
rare conodonts including Ozarkodina sp..... 5 35

1 Shale: silty; weathering pale red (SR 6/1) 
to grayish red (SYR 4/2) ; near base are 
lenses of chert breccia, near middle, SA-SR 
chert sand and gravel weathering pale red 
(SR 6/2) to very pale orange (10YR 8/2) 
with lenses of calcareous siltstone; appears 
to be remnants of regolith developed on the 
underlying Escabrosa karst topography.
Insoluble residues yielded nothing but
clay, sand, and chert .....................  35 0

Total thickness of the Naco Formation is 911 feet.

Basal contact: erosional surface with a karst topography
developed on the underlying Escabrosa Limestone. The upper
most unit of the Escabrosa Limestone is a crinoidal biospar- 
rudite.
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Section 2: Black River

Section measured on the San Carlos-Fort Apache road, 
with the base of the section about one-third mile northwest 
of Black River Bridge. The top of the section is at the 
crest of the ridge just north of the road. Although the 
Fort Apache Indian Reservation has not been surveyed for 
sections, townships and ranges, projecting these in from the 
east indicates that the measured section is located in sec
tions 1 and 2, T. 4 N., R. 20 E.
Upper contact: erosional surface at top of hill.
Middle Pennsylvanian Series 
NACO FORMATION- Desmoinesian Stage
Unit Thickness in feet
No, Unit Above base

Strike N. 51° W., dip 5° N.
70 Biomicrite and micrite: argillaceous; pale 560

red purple (5RP 6/2) to light brownish gray 
(SYR 6/1) , weathering light gray (N7) to 
light olive gray (5GY 6/1) ; platy to thin 
bedded; micrite in top two-thirds of unit 
with sparry calcite blebs and desiccation 
cracks filled with sparry calcite; bottom 
one-third of unit is biomicrite with some 
sparry calcite, many fossil grains coated 
with algae (Porostromata), ostracodes, foram- 
inifera including Bradyina, and fusulinids 
including Profusulinella sp. A, Eostaffella 
sp. B, and Plectofusulma sp. Insoluble 
residue yielded ostracodes, foraminifera,
and much clay .............................. 8 552

69 Concealed: ................................. 3 549
68 Fossiliferous micrite: argillaceous, silty; 

mottled pale red (5R 6/2) to light brownish 
gray (SYR 6/1) , weathering very light gray 
(N8) to pale red (10R 6/2) ; very thin bedded;



rare ostracodes and pelecypod fragments. 
Insoluble residue yielded only clay and 
minor silt ................................. 10

67 Sparse biomicrite: argillaceous; chert
nodules; pale red (5R 6/2), weathering light 
brownish gray (SYR 6/1) ; chert light brown 
(SYR 5/6), weathering same; sparite filling 
cracks and in patches; sparry calcite repla
cing some fossil grains; fossils include 
brachiopod fragments, algae, pelecypods, 
echinoid spines, ostracodes, rare foraminif- 
era. Insoluble residue yielded much clay, 
chert replaced fossil fragments, echinoid 
spines, and rare fish teeth ...............  5

66 Calcareous shale and biosparrudite: pinkish 
gray (SYR 8/1), weathering same; slabby and 
nodular; echinoid spines and plates, Bryo- 
zoa, brachiopods and brachiopod fragments, 
crinoid columnals and scattered ostracodes 
comprise the main fauna ...................  8

65 Micrite and micritic siltstone: argillace
ous; light brownish gray (SYR 6/1), weather
ing light gray (N7) to pale red (10R 5/4); 
nodular with shale partings; middle 4 feet 
concealed; bottom two-thirds of unit has 
bird’s eye structure and desiccation cracks 
filled with sparry calcite or iron-stained 
silt; top one-third intraclastic with micrite 
clasts, R-V/R, and contains bird's eye struc
ture; matrix is micritic siltstone ........  14

64 Micrite and sparse biomicrite: argillaceous; 
light gray (N7) to pale red purple (5RP 6/2), 
weathering pale red (SR 6/2) to pinkish 
gray (SYR 8/1) ; very thin bedded; some 
poorly washed biosparite near the base; 
desiccation cracks filled with sparry cal
cite near the top of the unit; fossils 
include rare Bryozoa, brachiopod fragments, 
algae (Codiacea and Porostromata), foramin- 
ifera, and rare fusulinid fragments. Insol
uble residue yielded mostly clay with 
fragments of the above listed fossils .....  7
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Biomicrite and fusulinid biomicrudite: 
argillaceous; pale red purple (5RP 6/2) to 
pale yellowish brown (10YR 6/2), weathering 
pale pink (5RP 8/2) to pale yellowish brown 
(10YR 6/2); thin bedded; fusulinid biomic
rudite and poorly washed biopelsparite 
near the middle of the unit; brachiopods 
and brachiopod fragments abundant; other 
fossils include ostracodes, algae (Poro- 
stromata and Codiacea) , foraminifera and 
fusulinids including Beedeina knighti. 
Insoluble residue yielded clay, silt, 
fish teeth and conodonts including Adeto- 
gnathus gigantus, A. missouriensis, Ozar- 
kodina ~spatula, Hindeodella cf. H. 
multidenticulata, and Spathognathodus 
cristulus ..... ............................  5
Argillaceous micrite: silty; pale red purple 
(5RP 6/2), weathering pale red (10R 6/2) to 
light gray (N7) ; very thin bedded; some 
bird's eye structure near the middle of the 
unit; pelletal micrite near the base,pel
lets aligned; fossils include very rare 
ostracodes. Insoluble residue yielded 
only silt and clay ......... ...............  12
Biomicrite: argillaceous, silty; chert 
nodules; pale red purple (5RP 6/2), weath
ering light brownish gray (SYR 6/1), chert 
light brown (SYR 5/6), weathering same; 
thin bedded; chert nodules 3 to 4 inches 
long; rare bird's eye structure; fossils 
include Bryozoa, ostracodes, brachiopod 
fragments, foraminifera, and rare fusulinids 
including Profusulinella cf. P. marblensis. 
Insoluble residue yielded silt, clay, rare 
fish fragments, and rare conodonts includ
ing Adetognathus lautus and A. missouri- 
ensis ......................................  9
Sparse biomicrite and fossiliferous micrite: 
argillaceous, silty; medium light gray (NS) 
to pale red purple (5RP 6/2), weathering very 
light gray (N8) to pale red (10R 6/2); thin 
bedded; iron stained; some bird's eye struc
ture; fossils include crinoid columnals, 
algae (Codiacea), Bryozoa, brachiopod frag
ments, and foraminifera. Insoluble residue



yielded silt, clay, some iron oxide grains, 
fish teeth and scales, and rare conodonts

265

including Hindeodella sp...................  9 470
59 Concealed: ................................. 4 466
58 Micrite: argillaceous; chert nodules; light 

red (5R 6/6) to light brownish gray (5YR 
6/1), weathering moderate orange pink (10R 
4/4) to grayish orange pink (SYR 7/2); chert 
light brownish gray (SYR 6/1), weathering 
pinkish gray (SYR 8/1); thick bedded; iron- 
stained; in thin section, micrite may be 
seen to be very finely laminated. Insolu
ble residue yielded much clay and silt ....  8 458

57 Poorly washed biopelsparite and sparse bio- 
micrite: silty, argillaceous; medium dark 
gray (N4) to pale red (10R 6/2) , weathering 
grayish orange pink (10R 8/2) to pale red 
(5R 6/2); very thin bedded; unit is iron- 
stained locally, and contains stringers of 
iron-stained silt; basal 5 feet of unit 
dominantly sparse biomicrite, with zones 
of biopelsparite higher; fossils include 
abundant gastropods, brachiopod fragments 
with rare intact brachiopods, rare algae, 
ostracodes, and fusulinids including Beed- 
eina sp. Insoluble residue yielded silt, 
much clay, some iron oxide grains, rare 
gastropods, fish teeth, scales and frag
ments, and conodonts including Adetognathus 
lautus, A. gigantus, Idiognathodus meeker- 
ensis, I_. delicatus, Ozarkodina spatula, 
and Streptognathodus sp....................  20 438

56 Biopelmicrite and poorly washed biosparrudite: 
argillaceous; light brownish gray (SYR 6/1), 
weathering grayish orange pink (SYR 7/2); 
medium bedded, becoming nodular near the 
top of the unit; iron-stained; fossils 
include Bryozoa, algae (Porostromata and 
Codiacea), rare gastropods, foraminifera, 
and fusulinids including Beedeina sp. and 
Staffella sp. Insoluble residue yielded 
silt, clay, iron oxide, very rare crinoid 
columnals, abundant fish teeth, scales 
and spines, and conodonts including Hindeo
della sp................................... 3.5 434.5
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55 Micrite: argillaceous; medium dark gray

(N4) to pale red (5R 6/2) , weathering light 
gray (N7) to light brownish gray (SYR 6/1); 
very thin bedded; top and middle of unit 
shows sparite filled cracks and bird's eye 
structure. Insoluble residue yielded only 
silt and clay ...... .......................  8.5

54 Sparse biomicrudite: argillaceous, silty; 
light brownish gray (SYR 6/1), weathering 
pinkish gray (SYR 8/1) to medium dark gray 
(N4); very thin bedded; laminae of micrite; 
fossils include Meekella and other brachio- 
pod fragments, ostracodes, rare Bryozoa and 
echinoid spines. Insoluble residue yielded 
silt, clay, iron oxide grains and rare 
ostracodes .............. . .................  16

53 Micrite: argillaceous; chert nodules; medium 
light gray (N6) to moderate red (5R 5/4), 
weathering very light gray (N8) to pale 
red (5R 6/2); chert pale brown (SYR 5/2), 
weathering same; thin to thick bedded. In
soluble residue yielded only silt and clay . 4

52 Biomicrite: argillaceous; silty; portions 
of the unit approach being a claystone; 
chert nodules; medium light gray (N6) to 
moderate red (5R 5/4), weathering very light 
gray (N8) to pale red (5R 6/2); chert pale 
brown (5YR 5/2); thick bedded; cracks filled 
with clear calcite, some bird's eye structure 
in lower two-thirds of unit; top one-third 
has oriented fossil grains including Bryozoa, 
brachiopod fragments, ostracodes, and rare 
fusulinids including Beedeina rockymontana, 
and B. cf. B. bowiensis. Insoluble residue 
yielded silt, much clay, iron oxide, very 
rare crinoid columnals, abundant fish teeth, 
scales and spines, and conodonts including 
Idiognathodus delicatus, Adetognathus lautus,
Al gigantus, Neoprioniodus cf. N. loxus, 
Lonchodma sp., and Hindeodella sp......... 6

51 Sparse biomicrudite: argillaceous, silty; 
light brownish gray (SYR 6/1), weathering 
same; nodular; fossils include Bryozoa, 
rare brachiopod and crinoid fragments.
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Insoluble residue yielded silt, clay, rare 
fish teeth and very rare conodont fragments 
including Hindeodella sp...................  4

50 Algal, foraminiferal biosparite: poorly 
washed; medium dark gray (N4) to light 
brownish gray (SYR 6/1), weathering dark 
gray (N3) to light brownish gray (SYR 6/1); 
massive; argillaceous fossiliferous micrite 
at base with bird's eye structure; very 
abundant algae and foraminifera, rare 
brachiopod fragments and gastropods, and 
fusulinids including Wedekindellina sp. 
Insoluble residue yielded abundant iron 
oxide grains, abundant encrusting foramin
ifera, fish teeth, and conodonts including 
Adetognathus lautus, A. gigantus, Idiogna- 
thodus meekerensis, 1̂. delicatus, Snatho-̂ 
gnathodus cnstulus, S. coloradoensis, 
Ozarkodiria delicatula, Spathognathodus sp. , 
and Hindeodella sp. T......... ............. 8

49 Concealed: 5
48 Biomicrudite and argillaceous biomicrite: 

medium dark gray (N4) to moderate red (SR 
5/4), weathering pale red (10R 6/2) to 
grayish pink (SR 8/2) ; thin to medium bedded; 
iron-stained silt in desiccation cracks, 
some sparry calcite patches; fossils include 
crinoid debris, ostracodes, brachiopod frag
ments, rare Bryozoa, algae, gastropods, 
foraminifera including Bradyina, and fusu
linids including Beedeina bow fens is, B. cf.
By novamexicana, Wedekindellina euthysepta,
W. excentrica, Pseudostaffella sp., and 
Fusiella? sp. Insoluble residue yielded 
silt, abundant fish teeth and spines, and 
abundant conodonts including Idiognathodus 
delicatus, I. meekerensis, Spathognathodus 
cristulus, 5". coloradoensis, llibbardella 
obtusa, Ozarkodina cf. 0~. curvata, 0. deli
catula, Hindeodella delTcatula, and Syn- 
prioniodina cf. S. denticamura ............  9

47 Biomicrudite and poorly washed biosparrudite: 
argillaceous, silty; medium dark gray (N4) 
to pale red (SR 6/2), weathering pale red 
(10R 6/2); nodular to thin bedded; patches
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388
383

374



268
of silt, some iron staining; fossils include 
gastropods, crinoid columnals, rare brachio- 
pod fragments, foraminifera, and fusulinids 
including Beedeina bowiensis, B. cf. B. 
bowiensis, B̂. cf. B. girtyi, B . cf. B. 
illinoisensis, Wedekindellma alveolata,
W. euthysepta, Wl cFi W. elTipsoidcs, Pro- 
Tusulinella sp., Plectofusulina sp. B, and 
Frumentella exempla. Insoluble residue 
yielded some iron oxide grains, encrusting 
foraminifera, fish scales, teeth and frag
ments, and abundant conodonts including 
Adetognathus gigantus, A. lautus, Spatho- 
gnathodus coloradoensis, Synprioniodina
cf. S. denticamura, Hibbardella sp.,
Ligonodina sp., and Hindeodella sp.........  6 368

46 Concealed: ................................. 4.5 363.5
45 Biomicrudite: argillaceous; sparse near

base; medium gray (N5), weathering pale red 
(10R 6/2) to grayish red (10R 4/2); very 
thin bedded; a few cracks filled with sparry 
calcite and bird's eye structure near base; 
fossils include ostracodes, Bryozoa, rare 
gastropods, foraminifera, and fusulinids 
including Beedeina bowiensis, By cf. B . 
bowiensis, B. novamexicana, Wedekindellina 
euthysepta, Eostaffella sp. B, Millerella~ 
sp., and Frumentella exempla. Insoluble 
residue yielded abundant iron oxide grains, 
rare gastropods, ostracodes and fusulinid 
fragments, fish teeth and spines, and abun
dant conodonts including Idiognathodus 
delicatus, I. meekerensis, Adetognathus 
lautus, Spathognathodus cristulus, S. colo
radoens is~̂ Ozarkodina delicatula, 0. cf. 0. 
curvata, Synprioniodina cf. SI denticamura, 
Lonchodina sp., Hindeodella delicatula, and
Streptognathodus cf. S. ele'gantulus  .....  4.5 359

44 Concealed: .................................  12 347
43 Micrite and biomicrudite: argillaceous,

silty; medium gray (N5) to grayish red (5R 
4/2), weathering light gray (N7) to light 
brownish gray (SYR 6/1) ; thin bedded; some 
iron-stained silt stringers; fossils include
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Bryozoa, brachiopods, gastropods, and fusu-
linids including Beedeina taosensis, Plecto-
fusulina franklinensis, P. sp. A, Eostaffella
sp. A, and WedekindelTina sp. Insoluble
residue yielded clay, silt, rare gastropods,
fish teeth, and rare conodonts including
fragments of Hindeodella sp................  7 340

42 Fusulinid biosparrudite: poorly washed;
silty; medium gray (N5), weathering light 
brownish gray (SYR 6/1); thin bedded; fossils 
include ostracodes, rare Bryozoa, foramin- 
ifera and fusulinids including Beedeina leei, 
Parafusulinella sp. A, Pseudostaffella 
hoilingsworthiT Plectofusulina sp. A, P. sp.
B, Profusulinella sp., Eostaffella sp. B, 
and MiHere11a sp. Insoluble residue yielded 
some silt, iron oxide grains, fusulinid 
fragments, fish teeth and scales, and cono
donts including Idiognathodus delicatus,
Adetognathus gigantus, and Hindeodella sp. . 1  339

41 Biomicrite and shale: argillaceous, silty;
medium dark gray (N4) to grayish red (5R 4/2), 
weathering light brownish gray (SYR 6/1); 
shale medium gray (NS), weathering light 
brownish gray (SYR 6/1); thin bedded to 
laminated; pelletal in places; fossils in
clude brachiopod fragments, foraminifera, 
and gastropods. Insoluble residue yielded 
silt, iron oxide grains, and very rare cono- 
dont fragments ............................. 4 335

40 Shale: light gray (N7), weathering very
light gray (N8); crinoid stems, brachiopod 
fragments weathering out. Insoluble resi
due yielded nothing ........................ 2 333

39 Biomicrudite and poorly washed biosparrudite: 
argillaceous, silty; chert nodules; pale red 
purple (5RP 6/2) to medium light gray (N6), 
weathering pale red (SR 6/2) to light brownish 
gray (SYR 6/1); chert moderate reddish brown 
(10R 4/6), weathering same; thin bedded; 
fossils include gastropods, brachiopod and 
crinoid debris, Bryozoa, foraminifera, and 
fusulinids including Beedeina sp. Insoluble



residue yielded silt, clay, gastropods,
crinoid columnals, encrusting foraminifera,
and rare fish teeth ........................ 3.5 329.5

38 Fusulinid biopelsparrudite and biomicrite: 
shaly, nodular, chert nodules; medium 
dark gray (N4) to pale red (10R 6/2) , weath
ering light gray (N7) to pale red (10R 6/2); 
chert moderate reddish orange (10R 6/4), 
weathering same; 1 foot of shale near top; 
biopelsparrudite near base contains silt 
stringers and abundant brachiopods filled 
with silt, and larger brachiopods partially 
replaced with red chert; very abundant fusu- 
linids (badly abraded) including Beedeina 
sp.; biomicrite near top contains fossil 
hash including Bryozoa, brachiopod. fragments, 
foraminifera, and abraded, rare fusulinids.
Insoluble residues yielded silt, iron oxide 
grains, rare encrusting foraminifera, fish 
teeth and spines, and rare conodonts includ
ing Idiognathodus sinuosus, Snathognathodus

270

sp., and Adetognathus lautus ..............  7.5 322
37 Concealed: ................................. 3 319
36 Argillaceous micrite and gastropodal bio-

micrudite: chert; pale red (5R 6/2) to light 
brownish gray (SYR 6/1) , weathering pale red 
(10R 6/2) to pinkish gray (SYR 8/1); chert 
pale reddish brown (10R 5/4) ; laminated to 
slabby; ripple marked; chert in troughs of 
ripple marks locally; biomicrudite in top 
two feet of unit has desiccation cracks 
filled with clear calcite and very abundant 
gastropods replaced by sparry calcite. In
soluble residue yielded silt, clay, and 
internal casts of gastropods ..............  8 311

35 Argillaceous biomicrite and fusulinid bio
micrudite: silty; medium light gray (N6) to 
grayish orange (10YR 7/4), weathering light 
brownish gray (SYR 6/1); thin bedded to 
nodular; measured section offset along this 
unit fifty feet N. 30° W.; some fossils part
ially replaced by red chert; other fossils 
include ostracodes, gastropods, crinoid 
fragments, brachiopod fragments, foraminifera 
and abundant fusulinids including Beedeina 
taosensis, B. tumida, B. bowiensis~ FI cF7
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B. novamexicana, and Wedekindellina sp. 
Insoluble residue yielded silt, clay, iron 
oxide grains, fish teeth, and conodonts 
including Idiognathodus meekerensis, Ozarko-
dina delicatula, and Hindeodella sp. ......  5 306

34 Concealed: ................................. 42 264
33 Fusulinid biomicrudite: very argillaceous; 

silty; medium light gray (N6) to light 
brown (SYR 6/4) , weathering grayish orange 
(10YR 7/4) ; thin bedded; crinoid columnals 
partially replaced by red chert; other 
fossils include Bryozoa, foraminifera, and 
very abundant fusulinids including Beedeina 
leei, B. cf. B. pristina, ParafusulinelTa 
sp., Profusulinella sp., Plectofusulina sp., 
and Wedekindellina sp. Insoluble residue 
yielded silt, much clay, fish scales and 
conodonts including Idiognathodus meekeren
sis and delicatus ....................... 2.5 261.5

32 Concealed: .................................  11.5 250
31 Algal biolithite: argillaceous; medium dark 

gray (N4) to brownish gray (SYR 4/1), 
weathering light gray (N7); thin bedded; 
desiccation cracks lined with algae and 
filled with sparry calcite; rare ostracodes; 
algae throughout rock. Insoluble residue 
yielded only silt, clay, and extremely rare 
ostracodes .................................  2 248

30 Fossiliferous micrite and shale: very argill
aceous, silty; light brownish gray (5R 6/1), 
weathering light gray (N7) ; shale same; 
nodular to slabby; fossils include rare 
Bryozoa and brachiopods. Insoluble residue 
yielded only silt and clay, with rare
fragments of brachiopods ..................  2 246

29 Biomicrite to poorly washed biosparite:
argillaceous; chert nodules; pale red (10R 
6/2), weathering pale red (5R 6/2); chert 
moderate reddish brown (10R 4/6), weather
ing same; thin bedded; fossil fragments 
include crinoid and brachiopod debris, and 
fusulinids including Wedekindellina euthy- 
septa, W. henbesti, Beedeina sp., and Eo- 
staffella sp................................  3 243



28 Concealed: 16 227
272

27 Sparse biomicrite and fossiliferous nicrite: 
argillaceous; medium gray (N5) to medium 
light gray (N6), weathering very light 
gray (N8); thin bedded; some desiccation 
cracks filled with sparry calcite; most 
fossil fragments replaced by sparry calcite, 
except rare ostracodes, brachiopod frag
ments, and small horn corals. Insoluble 
residue yielded some iron oxide fragments, 
fish teeth and fragments, and abundant 
conodonts including Idiognathodus delicatus, 
ly meekerensis, Streptognathodus cT~. SI 
elegantulus, S. cf. 55. gracilis, Adeto- 
gnathus gigantus, Spathognathodus cristulus,
Ozarkodina spatula, 0. sp'. A,' 0. cf. 0.
curvata, and Hindeodella sp................  3 224

26 Concealed: float indicates gray (N5) shale
and slabby biomicrite .....................  11 213

25 Intraclastic biomicrudite: silty; medium
gray (N5) to medium light gray (N6), weath
ering pale red (5R 6/2) to pale red (10R 
6/2); nodular to slabby bedded; matrix very 
silty, argillaceous biomicrite; intraclasts 
SR, silty biomicrite; horn corals weather
ing out; other fossils include abundant 
Bryozoa, ostracodes, and foraminifera. In
soluble residue yielded much clay and silt, 
and rare ostracodes ........................ 5 208

24 Concealed: float samples indicate nodular
biomicrite and shale; medium dark gray (N4),
weathering same; shale pale brown (5YR 5/2),
weathering same; fossils include Bryozoa,
gastropods, ostracodes, and abundant fusu-
linids including Beedeina leei, Pseudo-
staff ella sp., and Frumentella exempla .... 13 195

23 Sandstone: medium grained, SA-SR, well sort
ed; pale red (10R 6/2), weathering same; 
thick bedded; dominantly silica cement; 
some patches of argillaceous calcareous 
material ....... ...........................  10 185
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22 Limestone conglomerate: sandy, silty, argill
aceous; moderate reddish orange (10R 1/6) 
to light gray (N7), weathering same; thick 
bedded; some iron staining; pebbles are 
dominantly silty micrite, SA-R, unfossil- 
iferous .................................... 4

21 Shale: light gray (N7), weathering very light 
gray (N8); top of unit concealed, appears 
to be shale also ........................... 5

20 Intraclastic biomicrite: silty; medium gray 
(N5), weathering medium light gray (N6) to 
brownish gray (SYR 7/1) ; thin bedded; one 
foot of shale at bottom; abundant desicca
tion cracks filled with silt near the base; 
intraclasts sand to pebble size, silty 
micrite, SA-SR; fossils concentrated in 
matrix and include crinoid debris, ostracodes, 
Bryozoa, rare gastropods, abundant foramin- 
ifera, and fusulinids including Beedeina 
girtyi, Profusulinella cf. P. marblensis, 
and V.'edekihdellina spT Insoluble residue 
yielded abundant silt and clay, and rare 
gastropods, ostracodes, and fragments of 
fusulinids and crinoids ...................  6

19 Biomicrudite and shale: silty, argillaceous; 
chert nodules; medium dark gray (N4) to 
grayish red (5R 5/2), weathering light gray 
(N7) to light brownish gray (SYR 6/1) ; shale 
medium light gray (N6) weathering light 
brownish gray (SYR 6/1); thin bedded; chert 
nodules 2 to 8 inches long, pale red (10R 
6/2), weathering same; large fossil fragments 
partially replaced by chert; other fossils 
include Bryozoa, brachiopod fragments, crinoid 
debris, ostracodes, foraminifera including 
Bradyina, and fusulinids including Beedeina 
sp. and Wedekindellina sp. Insoluble residue 
yielded silt, clay, iron oxide grains, abun
dant fish teeth, scales and spines, and 
abundant conodonts including Idiognathodus 
meekerensis, Streptognathodus cf. S. gracilis, 
Declmognathodus lateralis, Adetognathus 
gigantus, A. lautus, Neoprioniodus cf. N. 
loxus , Spathognathodus cristulus , Synpnon- 
ibdina cf. S. denticamura, Hindeodella 
delicatula,—llibbardella obtusa, and Ozarko- 
dina sp. T............. ....................  8
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18 Nodular fusulinid biomicrudite and shale: 

silty, argillaceous; medium dark gray (N4) 
to medium gray (N5), weathering very light 
gray (N8) to pinkish gray (SYR 8/1) ; shale 
light gray (N7) to grayish pink (SR 8/2), 
weathering same; laminated to nodular; 
abundant brachiopods, horn corals, Bryozoa, 
and crinoid debris. Fusulinids very abun
dant, concentrated in lenses of biosparru- 
dite, including Beedeina pattoni, B. rocky- 
montana, B. cf. El cedarensis, Plectofusu- 
lina sp., and V/ecTekindellina spl Insoluble 
residue yielded silt, clay, iron oxide frag
ments, rare gastropods, and rare cpnodont 
fragments including Hindeodella sp.........  13

Strike N. 17° IV., dip 12° E.
17 Argillaceous micrite: very silty; very 

pale red (SR 6/2) to light gray (N7), 
weathering grayish pink (SR 8/2) ; platy 
bedded; desiccation cracks filled with 
sparry calcite. Insoluble residue 
yielded only silt and clay ................  7

16 Packed biomicrudite: slightly silty; medium 
light gray (N6) to grayish red (SR 4/2), 
weathering pale red (SR 6/2); nodular to 
thin bedded; some gray (N4) shale near base; 
red chert replacing some fossils; some desic
cation cracks near base filled with sparry 
calcite; some sparite patches, iron- 
stained, indicating disturbance (burrowing) 
prior to lithification; fossils include 
Bryozoa, brachiopod fragments, foraminifera, 
crinoid debris, and fusulinids including 
Beedeina rockymontana, B. taosensis, B. 
portalensis, B. novamexTcana, B. euryteines,
El cf. B. bowiensis, Wedekindellina euthy-~ 
septa, W. cf. W. ellipsoides, and Plecto- 
fusulina sp. Insoluble residue yielded 
silt, ETay, some chert replaced brachio
pod and crinoid debris, and fragments of 
fusulinids .................................  4

15 Concealed: appears to be at least part 
shale; abundant horn corals weathering 
free in float ........................

149
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25 113



275
Strike N. 18° W., dip 9° E.

14 Shale and micrite: silty, argillaceous;
slightly intraclastic; pale red (10R 6/2),
weathering grayish red (5R 4/2); shale
grayish red (5R 4/2), weathering same;
nodular to laminated; scattered micrite
nodules show desiccation cracks filled
with sparry calcite. Insoluble residue
yielded only silt and clay ................  13 100

13 Sparse biopelmicrite: argillaceous; chert 
bands at top; pale red (10R 6/2), weather
ing light brownish gray (SYR 7/1); chert 
dark reddish brown (10R 3/4), weathering 
same; massive; measured section offset 
150 feet due east along this unit; upper 
half of unit is dominantly pelletal 
micrite with desiccation cracks filled 
with sparry calcite and silt; abundant 
bird's eye structure; burrowing, and iron 
staining; lower portion of unit is domin
antly sparse biopelmicrite with brachio- 
pod fragments and rare fusulinid frag
ments including Wedekindellina sp.
Insoluble residue yielded silt, clay,

. and rare ostracodes ........................ 9 91
12 Shale and nodular micrite: silty, argilla

ceous; micrite light brownish gray (SYR 6/1) 
to medium light gray (N6), weathering gray
ish orange pink (5YR 7/2) to very light 
gray (N8); shale pale red (5R 6/2) , weather
ing same; nodular to slabby; fossils include 
rare ostracodes and rare brachiopods part
ially replaced by red chert near the top of 
the unit. Insoluble residue yielded silt, 
clay, rare ostracodes, and brachiopod frag
ments replaced by red chert including
Composita..................................  8 83

11 Concealed: .................................  11 72
10 Fossiliferous micrite and biomicrudite:

argillaceous, silty; pale red (5R 5/2) to 
medium light gray (N6), weathering pale red 
(10R 6/2) to medium gray (N5) ; thin bedded; 
some iron staining; fossils become more 
abundant in the lower half of the unit;
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upper half contains only rare brachiopods 
and Bryozoa; other fossils include gastro
pods, ostracodes, encrusting foraminifera 
and fusulinids including Beedeina girtyi, 
Wedekindellina henbesti, and Fusulmella sp. 
Insoluble residue yielded silt, iron oxide 
grains, fusulinid fragments, rare gastropods, 
fish scales and teeth, and abundant conodonts 
including Synprioniodina cf. S. denticamura, 
Idiognathodus meekerensis, I. delicatus, 
sinuosus, PeclinognathoHus Tateralis, 
Streptognathodus cf. S~. eTegantulus, S. cf.
$. gracilis, Adetognathus lautus, A. gigantus, 
Spathognathodus minutus, S. coloracToensis,
S. cnstulus, Ozarkodina spatula, 0. delica- 
tula, 0. sp. A, Hindeodella delicatula, 
HibbarcTella obtusa, Diplododella plana-, and
Neoprioniodus sp............................ 10 62

9 Concealed: ................................. 2 60
8 Biomicrudite: silty, sandy; dark yellowish 

brown (10YR 4/2), weathering same to moder
ate yellowish brown (10YR 5/4) ; thin to 
very thin bedded; fossils include gastropods, 
pelecypods, and fusulinids including Fusulin- 
ella famula, Profusulinella sp., Nankinella 
sp., and Beedeina sp. Insoluble residue 
yielded sand, silt, clay, fusulinid frag
ments and rare internal casts of gastro
pods .......................................  4 56

7 Concealed: .................................  16 40
6 Biomicrudite and shale: conglomeratic and 

silty; brownish gray (SYR 3/1), weathering 
dark yellowish brown (10YR 4/2) ; shale 
brownish gray (SYR 3/1) , weathering same; 
nodular; heavily iron-stained; chert, pale 
red (10R 6/2), weathering same, replacing 
some fossil fragments; fossils include gas
tropods, pelecypods, echinoid spines and 
plates, and fusulinids including Eostaffella 
sp. and Beedeina sp. Insoluble residue 
yielded silt, iron oxide grains and rare
unidentifiable conodont fragments .........  6 34

5 Concealed: .................................  4 30
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4 Biomicrite and shale: silty; pale red (5R 

5/2), weathering pale red (10R 7/2); shale 
pale red (5R 6/2), weathering same; nodular; 
abundant echinoid spines and plates on 
bedding planes; fossil fragments mostly 
very fine to fine sand-size; abundant foram- 
inifera and small fusulinids including 
Millerella sp., Eostaffella sp. B, Plecto- 
fusulina sp. A , PI sp. B, Parafusulinella 
sp. A, WedekindeTlina sp., and Beedeina sp.
Insoluble residue yielded silt, clay, abun
dant echinoid spines and plates, and
fusulinid fragments   ...................  7 23

3 Concealed: ................................. 3 20
2 Nodular micrite in shale: silty; nodules

medium dark gray (N4) to medium gray (N5),
weathering grayish orange pink (10R 8/2);
shale grayish red (10R 4/2) , weathering
pale red (5R 6/2) ; micrite nodules separated
by thin silty shale partings. Insoluble
residue yielded only silt and clay ........  7 13

Strike N. 28° W., dip 7° N.
1 Shale, siltstone, and mudstone: chert bands 

near base and middle of unit; dark reddish 
brown (10R 3/4) to moderate reddish brown 
(10R 4/6) , weathering grayish red (5R 4/2) 
to (10R 4/2) ; chert varicolored grayish pink 
(5R 8/2) , dark reddish brown (10R 3/4) to 
pale olive (10Y 6/2) , weathering same; lam
inated; chert bands 4 inches to 1 foot thick; 
chert breccia in upper 6 inches of unit.
Insoluble residues yielded only silt, clay,
and chert fragments ........................ 13 0

Total thickness of the Naco Formation is 560 feet.

Basal contact: erosional surface with a karst topography 
developed on the underlying Escabrosa Limestone. The 
Escabrosa is poorly exposed, only in small gullies, and 
is a weathered, iron-stained crinoidal biosparrudite.
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Section 3: White River

Section measured on the San Carlos-Fort Apache road, 
with the base of the section about 150 yards west of the 
White River Bridge. The top of the section is at the top of 
the ridge, about one-fourth mile northwest of the road. 
Although the Fort Apache Indian Reservation has not been 
surveyed for sections, townships, and ranges, projecting 
these in from the east indicates that the measured section 
is located in section 32, T. 4 1/2 N., R. 21 F..
Upper contact: conformable contact with the overlying Supai 
Formation
Upper Pennsylvanian Series 
NACO FORMATION-Virgilian Stage
Unit Thickness in feet
No. Unit Above base

Strike N. 35° E., dip 6° W.
48 Algal, foraminiferal biomicrite: light 372

gray (N7), weathering same to pale 
reddish brown (10R 5/4) ; thin bedded; 
fossils include gastropods, very abun
dant algae (Codiacea and Porostromata), 
some coating fossil grains, abundant 
foraminifera, and fusulinids including 
Triticites cf. T. creekensis, T. cf. T. 
impenalis, T. sp. B, and SchuFertella 
kingi. Insoluble residue yielded iron
oxide grains and rare fish teeth ..........  3 369

47 Concealed: ................................. 20 349
46 Micrite: argillaceous; light brownish 

gray (SYR 6/1), weathering light gray 
(N7); thin bedded to laminated. Insolu
ble residue yielded nothing but silt 
and clay ........................... 4 345
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45 Calcareous sandstone: grayish red 

(10R 4/2), weathering grayish pink 
(5R 8/2) ; thin bedded; locally cross 
bedded; fine sand grains SA-SR,
moderately well sorted ....................  13

44 Sandy micrite: light brownish gray (SYR 6/1) 
weathering light brown (SYR 5/6); SA-SR 
quartz grains range from silt to fine sand- 
size; rare fusulinids include Triticites 
sp. Insoluble residue yielded much silt, 
iron oxide and abundant fish teeth and 
fragments ..................................  3

43 Conglomerate and sandstone: pale red (SR 
6/2) to grayish orange pink (SYR 7/2), 
weathering pale red (10R 6/2); thin bedded 
to laminated, some cross bedding; micrite 
and siltstone pebbles in a matrix of very 
poorly sorted sand; sand and pebbles SA-WR; 
pebbles were lithified prior to erosion and 
redeposition; unit heavily iron-stained .... 10

42 Packed fusulinid, algal biomicrudite: pale 
red (10R 6/2), weathering same; very thin 
bedded; some poorly washed biosparite, 
iron staining, some fossil grains coated 
with algae (Porostromata); very abundant 
Codiacea algae and fusulinids including 
Triticites bensonensis, T. sp. D, and 
Schubertella kingi. Insoluble residue 
yielded some coarse silt, iron oxide frag
ments, fish teeth and spines, and conodonts 
including Adetognathus missouriensis, A. 
lautus, Neoprioniodu ~ cfl Nl loxus, Ozarko- 
dina spatula, SpathoghathocTus coloradoensis 
S. cnstulus, Streptognathodus elegantulus, 
Synprioniodma microdenta, and Hindeodella 
sp..........................................  1

41 Sandy biomicrite: silty; mottled medium gray 
(NS) to grayish red (SR 4/2) , weathering 
pale red (SR 6/2); laminated; fine to very 
fine sand and coarse silt, SA-SR; heavily 
iron-stained; fossils include brachiopod 
fragments, foraminifera, and rare ostra- 
codes. Insoluble residue yielded much silt 
and iron oxide grains, rare Bryozoa,

332

329

319

318



brachiopod fragments, abundant fish frag
ments, and conodonts including Adetognathus 
missouriensis and A. lautus ...............  5

Strike N. 60° W., dip 7° N.
40 Biomicrite and fossiliferous micrite: slight

ly argillaceous; medium light gray (N6), 
weathering light gray (N7) to pale red 
(5R 6/2) ; bottom half of unit has some poorly 
washed biopelsparite and cracks filled with 
sparry calcite; fossils more sparse toward 
top; some sparry calcite replacement of 
fossil grains; fossils include crinoid debris 
and very rare fusulinids including Triticites 
sp. Insoluble residue yielded silt, iron 
oxide grains, ostracodes, pelecypods, rare 
crinoid columnals and foraminifera, very 
abundant gastropods, rare fish teeth and 
abundant conodonts including Adetognathus 
lautus, A. sp. B, Idiognathodus sp., 
Streptognathodus elegantulus, £. cf. S. 
elegantulus, Ozarlcodina sp. A, Synprionio- 
dina sp., Neoprioniodus cf. N . loxus, Hin- 
deodella sp. , and SpathognatKodus sp....... 6

39 Calcareous fusulinid shale: grayish purple
(5P 4/2) , weathering same to pale red purple 
(5RP 6/2) ; laminated; rare free Bryozoa and 
crinoid columnals, very abundant free fusu
linids including Triticites whetstonensis, 
Dunbarinella ervinensis, and D. cf. IT 
skinneri ....................................  3

38 Concealed: .....................   17
37 Fossiliferous micrite: argillaceous, silty;

mottled gray reddish purple (5RP 4/2) to 
light gray (N7), weathering same; thin bedded; 
iron-stained silt in pods and stringers; 
rare fossils include brachiopod fragments, 
foraminifera and gastropods. Insoluble 
residue yielded silt, very abundant iron 
oxide grains and conodont fragments includ
ing Hindeodella sp..........................  3

36 Biopelmicrite: pale red (10R 6/2), weather
ing light brownish gray (5YR 6/1) ; very thin 
bedded; fossils include algae (Codiacca and
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Porostromata), foraminifera and fusulinids
including Triticites sp. Insoluble residue
yielded much silt and iron oxide fragments,
authigenic quartz crystals, and very rare
conodont fragments including Streptogna-
thodus sp...................................  6 278

35 Biomicrite: light brownish gray (SYR 6/1),
weathering light gray (N7) to pale yellowish 
brown (10YR 6/2); very thin bedded; whole 
fossils filled with sparry calcite; some 
cracks filled with sparry calcite; fossils 
include whole brachiopods and brachiopod 
fragments, encrusting Bryozoa, algae (Codi- 
acea and Porostromata), foraminifera and 
fusulinids including Triticites whetstonensis,
T. coronadoensis, Eostaffella sp. A, and
FTillerella sp. Insoluble residue yielded
only silt and iron oxide fragments ........  11 267

34 Fusulinid biomicrudite: argillaceous, silty; 
grayish pink (5R 8/2), weathering light 
gray (N7); very thin bedded; fine grained 
fossil hash replaced by sparry calcite, 
larger, unreplaced fossils include rare Bry
ozoa, ostracodes, gastropods, crinoid debris, 
foraminifera, and very abundant fusulinids 
including Triticites cf. T. turgidus. Insol
uble residue yielded silt, iron oxide grains, 
rare fusulinid fragments, and abundant 
conodonts including Streptognathodus ele- 
gantulus, S. cf. S. elegantulus and
Adetognathus sp............................. 4 263

33 Intraclastic micrite and biomicrite: light 
gray (N7), weathering light brownish gray 
(5YR 6/1) ; very thin bedded; micrite clasts 
not well defined, containing rare foraminif
era; biomicrite matrix has bird's eye struc
ture with gastropods, occasional horn corals, 
and foraminifera. Insoluble residue yielded 
abundant authigenic quartz crystals, some 
iron oxide grains, and rare echinoid
spines .....................................  6 257

32 Fusulinid biomicrite: argillaceous; light
brownish gray (SYR 6/1) , weathering pinkish 
gray (SYR 8/1) to dark yellowish brown
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(10YR 4/2); laminated; poorly washed biopel- 
sparite in places; fossil hash replaced in 
part by sparry calcite; fossils include 
Bryozoa, rare gastropods, foraminifera, 
and fusulinids including Triticites coronado- 
ensis, T. cf. T. confertoides and Fusiella?
Insoluble residue yielded silt, some iron
oxide grains, fusulinid fragments and cono-
donts including Streptognathodus elegantulus,
Spathognathodus sp., Synprioniodina sp.,
and HindeodelTa sp..................... . 2 255

31 Micrite and packed biomicrudite: argill
aceous, silty; dark reddish brown (10R 3/4), 
weathering pale reddish brown (10R 5/4); very 
thin bedded; bottom half unit micrite, 
heavily iron-stained, desiccation cracks 
filled with iron-stained silt and clear 
sparry calcite; top half unit biomicrudite 
with Bryozoa, horn corals, abundant crinoid 
columnals, pelecypod fragments, foraminifera, 
and fusulinids including Triticites sp.
Insoluble residue yielded iron oxide grains,
authigenic quartz and some silt ...........  8 247

30 Concealed: ................................. 9 238
Strike N. 75° W., dip 3° N.

29 Biomicrudite: argillaceous; light brownish 
gray (SYR 6/1) to grayish orange pink (SYR 
7/2), weathering pale red (10R 6/2) to med
ium light gray (N6); thin bedded; fossils 
include brachiopods, Bryozoa, algae, crinoid 
columnals, rare gastropods and foraminifera; 
uppermost few feet has cracks lined with algae 
and filled with sparry calcite. Insoluble 
residue yielded abundant iron oxide grains, 
silt, some authigenic quartz crystals, 
crinoid columnals, fish teeth and scales, and 
conodonts including Adetognathus lautus, A. 
sp. A, A. sp. B, Diplododella plana, Strepto
gnathodus elegantulus, Ozarkodina sp. A, Hin- 
deodella sp., and Spathognathodus sp. ...... 15 223

28 Brachiopodal, bryozoan, fusulinid biomicru
dite: silty, argillaceous; pale yellowish 
brown (10YR 6/2), weathering light brown 
(SYR 6/4) to pinkish gray (SYR 8/1) ; thin
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to thick bedded; silt disseminated and as 
stringers; some fossils partially replaced 
by sparry calcite; abundant brachiopod frag
ments and spines, abundant Bryozoa, crinoid 
columnals, horn corals, and abundant fusu- 
linids including Triticites cf. T\ confertoi- 
des, and T. sp. Cl Insoluble residue yield
ed silt, abundant fish teeth and scales, and 
abundant conodonts including Adetognathus 
sp. B , Streptognathodus elegantulus, 51 cf.

i Sy elegantulus, GnathdcTus bassleri symmet- 
Ficus, Spathognathodus minutus, Neoprxonio- 
dus cf. N. loxus, Synprioniodina cf. S'. 
denticamura, Diplododella cf. D. alternata,
Ozarkodina delicatula, 0. sp. A, and
Hindeodella sp.............................. 6 217

27 Sandy micrite and micritic sandstone: silty; 
pale yellowish brown (10YR 6/2), weather
ing light brownish gray (SYR 6/1); thin 
bedded; very fine sand SA-SR, moderately 
well sorted ................................ 9 208

26 Mainly concealed: float indicates a red
dish micritic sandstone or sandy micrite; 
near middle of unit is a 2 foot outcrop 
of silty, argillaceous, fossiliferous 
micrite; light brownish gray (SYR 6/1), 
weathering medium light gray (N6); fossils 
include rare brachiopod fragments, foramin- 
ifera, and rare fusulinids including
Nankinella sp............................... 24 184

25 Biomicrite: very sandy, silty; light brown
ish gray (SYR 6/1) to pale red purple (5RP 
6/2), weathering grayish red purple (5RP 
4/2) to pale red (10R 6/2); thin bedded; 
some iron staining; fossils include brachio
pod fragments, ostracodes, and foraminifera.
Insoluble residue yielded very abundant 
iron oxide fragments, some authigenic 
quartz crystals, fish teeth and fragments, 
and rare conodonts including Ozarkodina 
spatula, Streptognathodus sp., Spathogna
thodus ~sp~ and Hindeodella sp.............  2 182

24 Concealed: .................................  6 176
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23 Biomicrite: silty; grayish orange pink

(SYR 5/2), weathering pinkish gray (SYR 8/1); 
thin bedded; some fossils partially replaced 
by sparry calcite; fossils include crinoid 
columnals, ostracodes, brachiopod fragments, 
algae (Porostromata and Codiacea), and fusu- 
linids including Staffella sp. and Nankinella 
sp. Insoluble residue yielded silt, iron
oxide grains and rare fish teeth ..........  4 172

22 Concealed: ................................. 9 163
21 Fossiliferous micrite and intraclastic

micrite: partially concealed; very silty; 
pale red (10R 6/2), weathering medium light 
gray (N6) to pale reddish brown (10R 5/4); 
thin bedded; iron-stained silt stringers, 
some bird's eye structure; rare fossils 
include ostracodes, algae, and brachiopod 
fragments, mainly in lower half of unit.
Insoluble residue yielded silt, some iron 
oxide grains, rare foraminifera, fish 
teeth and spines, and rare conodonts includ
ing Neoprioniodus cf. N. loxus and Adeto- 
gnathus sp. A ..............................  6 157

20 Biomicrudite: light brownish gray (SYR 6/1),
weathering medium light gray (N6) to light 
brown (SYR 5/6); thin to very thin bedded; 
fossils include abundant Bryozoa, crinoid 
debris, and rare pelecypod fragments.
Insoluble residue yielded abundant iron 
oxide grains, very rare fish teeth and 
conodont fragments including Hindeodella 
sp..........................................  5 152

19 Concealed: ................................. 14 138
18 Biomicrudite: light brownish gray (SYR 6/1) 

to grayish red (5R 4/2) , weathering gray
ish red (5R 4/2) to pinkish gray (SYR 8/1); 
thin bedded; zone of conglomerate in upper 
half of unit with SA-SR micrite pebbles in 
a calcareous sandy siltstone matrix; fossils 
include gastropods, Bryozoa, brachiopod 
and crinoid debris, algae, foraminifera, 
and fusulinids including Triticites coronado- 
ensis and Eostaffella sp. Insoluble residue
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yielded silt, iron oxide grains, authigenic 
quartz crystals, crinoid columnals, fish 
teeth and fragments, and conodonts includ
ing Adetognathus sp. B, Streptognathodus 
elegantulus, S. cf. S_. elegantulus, Syn- 
prioniodina microdent a,~Sr»athognathoHus 
cristulus, Ozarkodina cf. 0. curvata,
tn sp., and Hindeodella sp.................  11 127

17 Concealed: float indicates shale ..........  14 113
Strike N. 25° E., dip 4° W.

16 Sparse biomicrite and fossiliferous micrite: 
argillaceous; light brownish gray (SYR 6/1), 
weathering same; very thin to thick bedded; 
silt filled desiccation cracks at top of 
unit; fossils partially replaced by sparry 
calcite and include rare gastropod and 
brachiopod fragments, foraminifera and 
algae (Porostromata and Dasycladacea).
Insoluble residue yielded rare fish teeth 
and scales and very rare conodont frag
ments including Hindeodella sp.............  9 104

15 Bryozoan biomicrudite: argillaceous; light 
gray (N7), weathering very light gray (N8); 
nodular; desiccation cracks filled with 
sparry calcite; very abundant large Bryozoa, 
brachiopods, pelecypod fragments, algae 
(Dasycladacea), ostracodes, and rare foram
inifera. Insoluble residue yielded much 
silt, rare ostracodes, abundant fish teeth, 
scales and fragments, and conodonts includ
ing Adetognathus lautus, A. sp. A, Ozarko
dina sp., and Hindeodella sp...............  1 103

14 Mainly concealed: some shale, grayish red 
(10R 4/2), weathering same. Insoluble
residue yielded only clay and silt ........  29 74

13 Sparse biomicrudite: argillaceous, silty; 
light brownish gray (SYR 6/1) , weathering 
pale brown (SYR 5/2) ; very thin bedded; 
silt disseminated and in stringers; fossils 
include brachiopods, gastropods, pelecy- 
pods, and algae including Codiacea and 
Porostromata. Insoluble residue yielded
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silt, some iron oxide grains, fish frag
ments and conodonts including Adetognathus 
gigantus, A. missouriensis, A. sp. A, A. 
sp. B, Ozarkodina sp~ and HTndeodella sp. . 2 72

12 Conglomerate and shale: shale light gray
(N7), weathering same; conglomerate grayish 
red purple (5RP 4/2), weathering same to 
very light gray (N8); very thin bedded; 
coarse sand and pebble-size quartz and 
micrite grains, SR, in shale matrix; fossils 
include echinoid fragments, crinoid debris, 
and rare abraded fusulinid fragments.
Insoluble residue yielded sand, silt, clay,
and iron oxide grains ...................... 1 71

11 Concealed: float indicates shale ..........  2 69
10 Micrite, biomicrite and shale: argillaceous, 

silty; pale purple (5P 6/2) to brownish 
gray (5YR 4/1), weathering very light gray 
(N8) to pale red (10R 6/2); very thin bedded 
to nodular; micrite at base broken up 
with cracks filled with clay and silt; bio
micrite at top pelletal in places, silt 
stringers; fossils include abundant foram- 
inifera and algae (Porostromata and Codia- 
cea). Insoluble residue yielded silt, fish 
teeth and conodonts including Adetognathus 
missouriensis, A. lautus, A. gigantus, A. 
cf. A. spathus ,"""ancT~OzarkocTina spatula ....  4 65

9 Algal biolithite: argillaceous; pinkish gray 
(SYR 8/1), weathering brownish gray (SYR 
6/1); massive bedded; some places appear to 
be poorly washed pelsparite bound by 
algae (Porostromata); most of unit is 
cracked and fragmented unfossiliferous 
micrite bound by Porostromata. Insoluble 
residue yielded only silt, clay, and a few 
authigenic quartz crystals ................  7 58

8 Sparse biomicrudite: argillaceous; light 
olive gray (5Y 6/1) to light gray (N7), 
weathering pinkish gray (SYR 8/1) to pale 
red (10R 6/2); nodular to very thick bed
ded; fossils are partially recrystalized 
and include algae, brachiopod and pelecy- 
pod fragments, and some whole brachiopods



287
including Dictyoclostus, Composita, Lino- 
productus and Neospirifer. Insoluble resi- 
due yielded iron oxide, silt, fish fragments, 
and conodonts including Adetognathus sp. A,
A. sp. B, Streptognathodus cfV S. elegan- 
tulus, Spathognathodus minutus, S. cris- 
tulus, Hibbardella acuta, Neoprioniodus
c£. N_. loxus, and Hindeodella sp...........  10 48

7 Concealed: ................................. 9 39
6 Intraclastic siltstone, micrite, and shale: 

argillaceous; light gray (N7) to grayish 
red (5R 4/2) , weathering pale red (10R 6/2) 
to yellowish gray (5Y 8/1) , shale pale red 
(10R 6/2) , weathering same; very thin bedded; 
siltstone and micrite as a one foot bed in 
the middle of unit; clasts are argillaceous 
siltstone with siliceous cement, and heavily 
iron-stained micrite; the clasts appear to 
have been transported very little and are 
angular; matrix is calcareous, silty, 
argillaceous micrite and shale. Insoluble 
residue yielded only silt and iron oxide ... 3 36

5 Nodular micrite, sparse biomicrite and shale: 
argillaceous, silty; light olive gray (5Y 
6/1), weathering pale red (10R 6/2) to very 
light gray (N8); nodular, with shale part
ings; micrite at top of unit shows desicca
tion cracks filled with sparry calcite and 
silt; sparse biomicrite at base also shows 
desiccation cracks filled with sparry cal
cite and rare ostracodes and gastropods; 
other fossils include echinoid spines.
Insoluble residue yielded iron oxide grains, 
fish fragments, and conodonts including 
Adetognathus missouriensis, Spathognathodus 
cristulus, Hindeodella del'icatula, Neo
prioniodus cf: N. loxus, Ozarkodina sp. A, 
and SynprioniodTna sp....................... 8 28

4 Biomicrite: argillaceous; light olive 
gray (5Y 6/1), weathering same to pale 
red (5R 6/2); thin bedded; clay in patches 
and disseminated; fossil grains partially 
replaced by sparry calcite and include 
ostracodes, brachiopod fragments, and rare 
encrusting foraminifera. Insoluble residue
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yielded iron oxide, silt, very rare fusu- 
linid fragments, rare gastropods, crinoid 
columnals, echinoid debris, ostracodes, 
fish teeth and scales and abundant cono- 
donts including Adetognathus gigantus, A. 
lautus, A. missouriensis, A.' sp . A, 
Spathognathodus ninutus, S. cristulus, 
Idiognathodus delicatus, Streptognathodus 
elegantulus, Si cf. S_. elegantulus, SI 
gracilis, HibFardella acuta, LigonodTna 
lexingtonensis, and Synprioniodina spl ....  4

3 Biomicrite: argillaceous; medium light gray 
(N6), weathering grayish orange pink (SYR 
7/8) to yellowish gray (5Y 8/1); thin bed
ded to nodular; some iron staining; patches 
of sparry calcite; fossils include brachio- 
pod fragments and spines, abundant algae 
(Porostromata and Codiacea), rare ostracodes, 
free and encrusting foraminifera and fusu- 
linids including Triticites rhodesi. Insol
uble residue yielded silt, fish scales and 
teeth, iron oxide grains, and conodonts 
including Adetognathus lautus, A. sp. A, 
Spathognathodus cristulus, mihutus, Euprion- 
iodina sp. A, Neoprioniodus cf. N. loxus, 
Idiognathodus delicatus, OzarkodTna sp., 
and Hindeodella sp. .......................  6.5

2 Biomicrudite and shale: argillaceous; intra- 
clastic at top; medium light gray (N6) to 
pale red (SYR 5/2), weathering light brown
ish gray (5YR 6/1) to pinkish gray (SYR 8/1), 
shale light brownish gray (SYR 6/1), weather
ing same; very thin bedded to nodular; intra
clasts in top of unit with cracks filled with 
sparry calcite; fossils include whole brach- 
iopods, brachiopod fragments, foraminifera, 
echinoid spines, ostracodes, and rare fusulin- 
ids including Triticites acutuloides.
Insoluble residue yielded silt, fish scales 
and teeth, and conodonts including Adetogna
thus lautus, A. missouriensis, A. sp. B, 
StreptognathocTus cancellosus, S. eccentricus,
S. elegantulus"] S. gracilis, Spathognathodus 
cristulus, Ozarkodina sp. A, and Hindoo- 
della sp. .......................777777.

24

18.5

7.5 11
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Missourian Stage

1 Argillaceous fusulinid biomicrudite and
shale: silty; biomicrite medium gray (N5), 
weathering pinkish gray (SYR 8/1), shale 
very light gray (N8), weathering same; very 
thin bedded to laminated; silt in patches and 
stringers; fossils include brachiopods, 
including Derbyia, free and encrusting 
foraminifera, algae (Porostromata and Codia- 
cea), ostracodes, gastropods pelecypods,
Bryozoa, and fusulinids including Triticites 
nebraskensis, T. fresnalensis, T. cf. T. 
burgessae, and T. sp. A. Insoluble residue 
yielded iron oxTde grains, silt, fish frag
ments, and rare conodonts including Spatho- 
gnathodus cristulus .......................  11 0

Total thickness of the Naco Formation is 372 feet.

Basal contact: the base of the Naco Formation in this area 
is not exposed.
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MEASURED SECTION 2= BLACK RIVER
with conodont ranges and fusulinid occurrences
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Escabrosa

Lostaffella sp. B, Profusulinella sp. A

Beedeina knighti

Profusuline11a cf. P. marblensis

Beedeina sp.

Beedeina sp., Staffella sp.

Beedeina rockymontana, B. cf. B. bowiensis 
Wedekindellina sp.

Beedeina bowiensis, B. cf. B. novamexicana, 
Wedekindellina alveolata, W. euthysepta, W. excentrica
Beedeina bowiensis, B. cf. B. bowiensis,
B. cf. B. girtyi, B. cf. B. illinoisensis, 
Wedekindellina alveolata, W. cf. W. ellipsoides,
W. euthysepta, Frumentella exempla, Plectofusulina 
sp. B. Profusulinella sp. A
Beedeina bowiensis, B. cf. B. bowiensis, B. nova
mexicana, Wedekindellina euthysepta, Eostaffela 
sp. B, Frumentella exempla

Beedeina taoensis, Eostaffella sp. A, Plectofusulina 
franklenensis, P. sp. A, Profusulinella sp. A
Beedeina leei, Parafusuiineila sp. A, Eostaffella sp. B 
Plectofusulina sp. A, P. sp. B, Pseudostaffella 
hoilingsworthi
Beedeina sp.

Beedeina bowiensis, B. cf. B. novamexicana, B. tao- ensis, B. tumida

Beedeina leei, B. cf. B. pristine, Profusulinella 

Beedeina sp. , Wedekindellina euthysepta, W. henbeskti

Beedeina leei, Frumentella exempla

Beedeina girtyi, Profusulinella cf. P. marblensis 
Beedeina sp., Wedekindellina sp.
Beedeina cf. B. cedarensis, B. pattoni, B. rockymontana
Beedeina cf. B, bowiensis, B. euryteines, B. nova
mexicana, B. portalensis, B. rockymontana, B. 
taoensis, Wedekindellina alveolata, W. cf. W. 
ellipsoides, W. euthysepta

Wedekindellina sp.

Beedeina girtyi, Wedekindellina henbesti 
Beedeina sp., Fusulinella famula, Nankinella sp.

Beedeina sp., Wedekindellina sp., Parafusulinella sp. A, 
Eostaffella sp. B, Plectofusulina franklensis, P. sp. A

EXPLANATION Figure 57
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