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ABSTRACT

A biostratlgraphlc study of the Mlssiasippian 
Escabrosa Limestone and the Pennsylvanian Horqullla Lime
stone of the Naco Hills has resulted in the recognition of 
eight distinct conodont faunas. Three faunas characterize 
the Escabrosa Limestone. These are, In ascending order, the 
Gnathodus dellcatus-Pseudopolygnathus Fauna, late Klnder- 
hookian, comparable to the Slphonodella Isostlcha-S. oooperl 
Zone of the Midcontinent; the Polygnathus communis-Gnathodus 
sp. A Fauna, lower middle Osagean, comparable to the Bactro- 
gnathus-Polygnathus communis Zone; and the Taphrognathus 
varlans Fauna, upper middle Osagean, comparable to the 
Bactrognathus-Taphrognathus Zone, The five faunas recog
nized in the Horqullla Limestone are. In ascending order, 
the Idlognatholdes Fauna, Morrowan; the Streptognathodus 
anteeocentrlous-Idlognathodus magnlflcus Fauna, including 
Derryan and a few feet of Desmoinesian strata; the Deollno- 
gnathodus lateralls-Spathognathodus coloradoensls Fauna, 
Desmoinesian; the Streptognathodus exoelsus, Mlssourian- 
Virgilian(?); and the Streptognathodus elegantulus Fauna, 
Mlssourian-Virgillan(?). These faunas agree favorably with 
faunal descriptions from other areas in North America,

The lithologic evidence indicates that three major 
transgressive-regressive cycles affected sedimentation in

vli
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the area. The hiatus between Mlssisslppian and Pennsylva
nian rooks, the silt member, and the dolomite and sandstone 
of the upper interbedded member of the Horqullla are all 
suggestive of regressive peaks.



INTRODUCTION

This study was undertaken to compare the sequence 
of conodont faunas In the Mlsslsslpplan and Pennsylvanian 
formations of the southern Mule Mountains with those In 
other areas In Arizona, and with the standard conodont zona- 
tlon of the Midcontinent formations. Age comparisons were 
made in the Pennsylvanian rocks using the fusulinid zonatlon 
of Boss and Sabins (1965), Ross and Tyrell (1965), Sabins 
and Boss (1963), and Mlcklin (1969).

Both the Pennsylvanian Horqullla Limestone and the 
Mlsslsslpplan Escabrosa Limestone contain conodonts in 
varying abundance. State of preservation is generally very 
good. Pusulinids are abundant in the upper four members of 
the Horqullla,

Location
The section studied is located in the Naco Hills, at 

the extreme southwestern tip of the Mule Mountains, in 
southern Cochise County, Arizona. The area is shown on the 
Blsbee minute quadrangle in section 2, T. 24 S., R. 23 E. 
and in sections 26 and 35, T. 23 S., B. 23 E. (Fig. 1).

The base of the section is on State Route 92, at 
the NE cor. SE^ NE^ sec. 2, approximately one hundred yards 
west of the access gate.

1
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Previous Work

The Upper Paleozoic rocks in the southern Mule
i

Mountains were first studied by Ransome (1904). He named 
the Mississipplan strata the Escabrosa Limestone, for expo
sures along Escabrosa Ridge, four miles north of the- Naco 
Hills. The rocks overlying the Escabrosa were named the 
Naco Formation, for the town of Naco, seven miles to the 
south. A collection of Ransome’s fossils was examined by 
G. H. Girty. In a letter to Ransome (1904, p, 46-54), Girty 
agreed with the assignment of the Escabrosa to the Missis
sipplan. He stated, however, that the Naco fossils were 
composed of two different faunas. A lower fauna was compa
rable to one from Upper Carboniferous rocks of the Midcon
tinent. An upper fauna shared elements with a "Permo- 
Carboniferous” fauna from California, and with one from the 
Hueco Mountains of western Texas. The Hueco rocks are now 
known to be of Permian age,

Williams (1951)» studying the fusullnids in samples 
from a section measured by H. R. Wanless in 1949, proposed 
four zones and one subzone. The section was measured in 
the Naco Hills and Included both Pennsylvanian and Permian 
rocks.

Gilluly, Cooper, and Williams (1954), on the basis 
of work done in the Tombstone and Gunnison Hills areas, 
elevated the Naco formation of Ransome to group status and
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subdivided it into six formations. These formations are, in 
ascending order, Horquilla Limestone, Earp Formation, Colina 
Limestone, Epitaph Dolomite, Scherrer Formation, and Concha 
Limestone, Of these six formations, only the lower three 
are present in the Naco Hills (Hayes and Landis, 1965, p, 
F25).

Hayes and Landis (1964, 1965) mapped and described 
the Paleozoic formations in the southern part of the Mule 
Mountains, They recognized two members in the Escabrosa 
Limestone 1 a thick, cliff-forming lower member composed of 
massive crlnoldal limestone, and a thin upper member, com
posed of thin limestone beds with silty Interbeds, The 
Horquilla was subdivided into three informal members 1 a 
thin-bedded, predominantly limestone lower member, a silty, 
calcltic, nonresistant middle member, and a dominantly lime
stone upper member.

Norby (1971) described a series of conodont faunas 
from the type section of the Escabrosa Limestone, This 
section is approximately six miles east of the Naco Hills 
area, Reid (1968) studied both conodonts and fusulinid 
faunas in Pennsylvanian and Permian formations of south- 
central Arizona, north of this study area. Mlcklin (1969) 
reported on successions of conodont and fusulinid faunas 
from the Horquilla Limestone and Earp Formation of the 
Dragoon Mountains, northeast of the Mule Mountains, Ethlng- 
ton (1965) described Late Devonian and early
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Mlsslsslpplan conodonts from several locations in Arizona 
and New Mexico.

Field Methods and Laboratory Techniques
A previously published geologic map (Hayes and 

Landis, 1964) was used as a base map for this study. The 
composite section, selected on the basis of exposure, maxi
mum thickness, and structural simplicity, was measured using 
a Brunton compass and Jacob's staff. Samples from the 
Escabrosa Limestone were collected at ten foot Intervals, 
when possible, and those from the Horquilla Limestone were 
taken at five foot intervals, Sample size varied, but was 
usually greater than two kilograms. When exposures or 
faulting necessitated an offset in the line of section, a 
good marker bed was chosen along which the shift could be 
made.

Samples ranging from 800 to 1200 grams were dis
solved in 15 per cent acetic acid until reduced completely. 
The insoluble residue was tested for the presence of dolo
mite and, if positive, was treated with 10 per cent formic 
acid. Depending upon the amount of residual material, the 
sample was either picked immediately for conodonts or sep
arated with heavy liquid. Tetrabromoethane, as described 
by Collinson (1963), was used for the separation.

Acetate peels of carbonate rocks were prepared for 
use in conjunction with hand samples for rock descriptions.



The procedure used was that of Katz and Friedman (1965), 
methods A and D, The rocks were described and named ac
cording to the classification of Folk (1959, 1968), The 
presence of dolomite, ferroan calcite and ferroan dolomite 
was determined by the staining techniques outlined In Katz 
and Friedman.

Thin sections were made of fusullnld-bearing rock 
samples to aid In recognition of faunal boundaries.



GENERAL GEOLOGY

The Naco Hills are a group of fault blocks extending 
southward from the southwestern corner of the Mule Moun
tains. Faults trend either northeast or northwest. The 
general trend of strikes in the hills is approximately N.
80° E., with beds dipping 20° to the north.

The Escabrosa Limestone makes up the two small hills 
in the extreme southern part of the area. This formation is 
expressed topographically as two thin-bedded sequences sepa
rated by a high cliff of massive, resistant limestone. A 
normal fault in the saddle between the two hills has dropped 
the southern block, repeating the resistant cliff on the 
northern hill.

The overlying Horquilla Limestone is manifested by a 
series of step-like benches, alternating in some parts of 
the section with thick ledges and massive cliffs, A series 
of thin, poorly exposed shaly and silty beds is present near 
the middle of the formation.

Formatlonal Boundaries
The base of the Escabrosa Limestone Is not exposed 

in the Naco Hills. The lowermost beds probably represent 
the mlcrit1c interval approximately 250 feet above the base 
of Hayes and Landis' section 2 (1965, Plate 1 ). The exposed

7
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Escabrosa in the Naco Hills would represent, then, the 
upper two-thirds of the total formation,

A disconformity separates the Escabrosa from the 
overlying Horquilla Limestone (Held, 1968, p, 16), In the 
Naco Hills, a thin clastic sequence underlying the light 
gray beds of the Horquilla is the only evidence of this 
unconformable relationship. The break is more evident in 
the faunai Middle Mississipplan conodonts are overlain by 
those of Pennsylvanian age.

The boundary between the Horquilla and the Earp 
Formation is conformable and gradational. In the study 
area, the contact is placed between the resistant ledges of 
light colored limestone and the thin, less resistant red- 
weathering beds of the Earp.

Stratigraphy of the Measured Section 
The Escabrosa Limestone was subdivided into lower 

and upper members in the southern Mule Mountains on the 
basis of lithology (Hayes and Landis, 1965» P# F20), Both 
of these members can be recognized in the Naco Hills (see 
Figure 3)« The Horquilla Limestone was subdivided into 
five members in the Dragoon Mountains (Micklin, 1969, p,
13)• The stratigraphy of the Horquilla in the Naco Hills is 
similar to that in the Dragoon Mountains, except for a silty 
sequence between Micklin*s massive cliff-forming member and 
his middle massive member. The five divisions of the
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Horqullla Limestone in the Naco Hills are, in ascending 
order, the lower interbedded member, the lower massive mem
ber, the silt member, the upper massive member, and the 
upper Interbedded member (see Figure 3)«

Escabrosa Limestone
Lower member. This member Includes the lower 344 

feet of the Naco Hills section and is subdivided into units 
1 through 15. The lower member makes up the gentle slope of 
thin to medium beds and the thick ledges and cliffs which 
are typical of the Escabrosa (Hayes and Landis, 1965, p. 
F20), Lithologies include dolomite at the base, through 
dlsmicrites, blosparrudites, to a thick sequence of recrys
tallized limestones. The weathered surfaces are light 
brownish gray, or slightly browner where dolomite is a 
constituent of the rock.

The only recognizable macrofossils in the lower 
member are crinoid stem fragments, large, solitary rugose 
corals, and occasional syringoporid corals,

Upper member. Thinner bedding and an increase in 
the clastic content of the rocks distinguish this member 
from the lower member. The interval includes units 16 
through 29, a thickness of 266 feet. Lithologies are silty 
blosparrudites, silty dlsmicrites, and pelletic blospar
rudites, The upper ?4 feet of this member consists of 
sandstone, silty calcirudites, and intraformational
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conglomerate, Red- to brown-weathered rock surfaces 
are also typical of this member.

Macrofossils of the upper member Include crlnold 
stem fragments, brachlopods, corals, bryozoans, and gastro
pods .

Horquilla Limestone
Lower interbedded member. This member Includes the 

lower 321 feet of the formation and Is subdivided Into 
units 30 through 52. It is topographically expressed as a 
series of benches or low slopes separated by covered inter
vals, Lithologies are silty or dolomitic biomicrudltes and 
blosparrudites. Weathered surfaces are generally reddish to 
yellowish gray.

The megafauna is diverse, and is distributed 
throughout the interval. Brachlopods and bryozoans are the 
dominant organisms present. The lowest occurrence of fusu- 
linlds is in unit 40, 156 feet above the base of the forma
tion. A two-inch thick black chert bed with white 
fusulinids, present in unit 49, forms a marker horizon 
which can be traced across the entire study area.

Lower massive member. Units 53 through 67, a total 
of 181 feet of section, are expressed as a series of thick 
ledges separated by moderately short covered intervals. 
Lithologies include blomlcrites, blosparrudites, and
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pelletal limestone. The rocks are slightly silty to very 
siltyi weathering pinkish gray to very light gray.

Fusulinlds occur in almost every bed. Unit 55» & 
four-foot Chaetetes horizon, Is a marker bed 22 feet above 
the base of the member, Chaetetes colonies grew to diam
eters of up to one foot and are preserved, for the most 
part, In life position, Komla. either algae or a stromato- 
porold (Johnson, 1963, p. 37)» occurs in the upper 30 feet 
of the member (unit 6 7),

Silt member. This member is a non-resistant, slope 
forming sequence, composed of thln-bedded to shaly dolomltlc 
siltstones, silty biopelsparrudites, and intrasparrudites. 
The Interval includes units 68 through 82, and Is 218 feet 
thick. Surface coloration of the rocks Is generally red to 
orange with thin gray Intervals where non-silty limestones 
occur. Some of the silty beds are current laminated and/or 
crossbedded.

Macrofossils are generally fragmental, and consist 
of brachiopods, eohlnoid spines, calcareous algae, and fusu- 
llnids. Prlsmapora. a bryozoan, occurs in units 73 and 76 

near the middle of the interval.
Upper massive member. High, sheer cliffs and thick 

ledges characterize this member. It consists of units 83 

through 89, a thickness of 139 feet. Lithologies are blo- 
sparrudites, often silty or dolomltlc, that weather light 
brownish gray.
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The megafauna of this member Includes echinold 

spines, brachiopods, bryozoan, and algal fragments, Komla 
horizons occur in units 83 and 87, Fusulinids are restric
ted to a single occurrence in unit 87,

Upper Interbedded member. Thin-bedded, silty to 
sandy blomlcrudites, dolomitic siltstone, silty dolomite, 
and biomicrosparrudites are characteristic of this member. 
The carbonates within the member weather pinkish gray; 
sandy and silty rocks weather pale orange to red.

Macrofossils are sparse, consisting of fragments of 
brachiopods, echinold spines, and crinoid stems. Large 
fusulinids are abundant in most of the interval. Micro
scopic examination disclosed the presence of many small 
burrows in some beds. Fragments of a phylloid algae are 
abundant In unit 97, at the top of the measured section,

Paleoenvlronments
The sedimentary rocks in the study area were depos

ited in a warm, shallow sea, generally of normal marine 
salinity. The varied maorofauna suggests that conditions 
were similar to shallow parts of present day seas, where 
benthonic marine life is diverse and abundant, Fusulinids, 
crlnolds, solitary corals, bryozoans, and calcareous algae 
in the rocks indicate that the water was not more than sixty 
feet deep (McCrone, 1964, p. 278, 279). Williams (1957, P. 
311) suggests that crlnolds lived in warm shallow waters
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with a plentiful supply of calcium carbonate. A carbonate 
bank such as is seen in the Gulf of Batabano, Cuba (Daet- 
wyler and Kidwell, 1959) would supply these parameters.

Several lithologic, environmental indicators occur 
in the Naco Hills section. Silt-rich interbeds, common in 
the upper member of the Escabrosa and throughout the Hor- 
quilla, may indicate proximity to a shoreline, With a near
by source of terrigenous sediments, storm currents or rivers 
may have supplied fine-grained elastics to the area.
Oolites, present in two units, are typical of a shallow, 
warm carbonate shelf environment, In the Bahamas (Komicker, 
1963, p. 22) and the Gulf of Batabano (Daetwyler and Kidwell, 
1959) oolites are forming at the present time. They are 
forming between, and shelfward of the barrier Islands along 
the seaward margins of the shelves, The water in these areas 
is usually no more than twelve feet deep.

Coarse skeletal limestones are abundant in both 
formations in the study area. These indicate that little 
detritus was being derived from positive areas, and the main 
source of sediments was the calcareous parts of organisms 
living in the area (Williams, 1957, p. 310). Current indi
cators, such as ripple laminae and cross-bedding, signify 
that high energy conditions prevailed, and fine grains were 
winnowed out.

Dolomitlc limestones and siltstones may be indica
tive of a lagoonal or a shallow near-shore environment.



Fine-grained dolomite is now forming in environments of high 
evaporation and poor circulation, such as the Coorong in 
Australia (von der Borch, 19&5; Alderman, 1965). The silty 
"beds of the silt member of the Horqullla suggest that these 
conditions were sustained over a considerable span of time, 
with few incursions of normal marine waters.

Fine-grained limestones indicate low energy environ
ments where precipitation of calcium carbonate was the mode 
of deposition. These conditions may have been on a re
stricted shelf or in a partially restricted basin where 
tidal currents were ineffective. Some of the fine-grained 
rocks contain pellets or burrows. Others, however, are dark 
in color and devoid of organic remains, and may indicate 
reducing conditions high enough to restrict a benthonic 
fauna.

14



MISSISSIPPIAN CONODONT BIOSTRATIGRAPHY

The North American Midcontinent has long been the 
center of study of Mississippian conodont faunas. More than 
twenty conodont zones have been recognized In North American 
Mississippian rocks (Thompson and Fellows, 19691 Collinson, 
Rexroad, and Thomas, 1971).

Biostratigraphic investigations In the southwestern 
states have been restricted to the Upper Mississippian of 
Nevada and Utah (Webster, 1969; Dunn, 1970b). Another study 
summarized conodont zonation of Klnderhookian through Ches
ter lan strata of the Great Basin (Clark, Pinney, and Ethlng- 
ton, 1969, unpubl. ms,). Burton (1964) presented a 
preliminary range chart for Middle Mississippian conodonts 
from the Sacramento Mountains, New Mexico, and Ethington 
(1965) described Devonian and Lower Mississippian conodonts 
from the Chiricahua Mountains, Arizona, Norby (1971) dis
cussed conodont zonation of the Escabrosa Limestone and the 
Paradise Formation of southeastern Arizona,

Conodont Faunas of the Escabrosa Limestone 
The conodont faunas of the Escabrosa Limestone are 

not diverse, nor are individual specimens plentiful. Three 
distinct conodont faunas are recognized in this study on the 
basis of assemblages and concurrent ranges. Correlation

15
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with Midcontinent zones are only tentative because of the 
paucity of Individual conodonts and the absence of many 
zonal Index species.

Conodont ranges and distribution are Included on 
Figure 3 (in pocket),

Gnathodus dellcatus-Pseudopolygnathus Fauna
The lowest fauna, the richest of the three, Is 

characterized by Polygnathus communis, P. longlpostlcus, 
Gnathodus dellcatus, G. commutatus, Pseudopolygnathus 
trlangulus pinnatus, P. primus?, and several genera of bars 
and blades. This association with the diagnostic Gnathodus 
dellcatus and Polygnathus communis can be assigned to the 
Gnathodus dellcatus-Slphonodella cooper! cooperl Zone of 
Thompson and Fellows (1969) and the Slphonodella Isostlcha- 
8 , cooperl Zone of Colllnson and others (1962). These 
zones, both of which have as their upper limit the youngest 
occurrence of Gnathodus dellcatus, are of latest Klnder- 
hooklan age.

Meischner (1970) extended the range of Gnathodus 
(Paragnathodus) commutatus downward to the lower limit of 
the Scallognathus anchoralIs Zone of the German Carbon
iferous. Although that zone is assigned to the early 
Osagean rather than to the late Kinderhooklan, the faunal 
association of Gnathodus dellcatus. Polygnathus communis, 
Pseudopolygnathus trlangulus plnnatus,• and Gnathodus



(Parapmathodus) commutatus is very similar to that found In 
the Esoabrosa of the Naco Hills, Gnathodus commutatus 
and Pseudopolygnathus trlangulas plnnatus occur much later 
in the Midcontinent zonatlons, Meischner's range chart 
(1970, p, 1172), however, shows them also occurring with 
elements of the latest Klnderhooklan zones. The presence of 
these two taxa in the Gnathodus dellcatus-Pseudopolygnathus 
fauna is unusual and more work is necessary to determine 
why the Naco Hills fauna shows this close affinity to the 
German fauna,

The Gnathodus dellcatus-Pseudopolygnathus Fauna of 
the Naco Hills should be assigned to the latest Kinderhook- 
ian. The absence of siphonodellids, generally recovered in 
Klnderhooklan strata, is anomalous. This may suggest an 
early Osagean age, although other elements of the fauna 
indicate Klnderhooklan.

Polygnathus communls-Gnathodus sp, A Fauna
This fauna is not as diverse, and specimens are not 

as abundant, as in the underlying Gnathodus dellcatus- 
Pseudopolygnathus Fauna, Polygnathus communis occurs 
throughout the zone, One fragmentary specimen of Gnathodus 
of, G. blllneatus and four specimens of Gnathodus sp, A 
were recovered near the middle of the interval, Several 
genera of bars and blades are also present. Although the 
small number of specimens precludes any specific

17
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correlation with the standard zonatlon, Polygnathus communis 
and Gnathodus cf. G . blllneatus are elements of the Bactro- 
gnathus-Polygnathus communis Zone of CollInson and others 
(1962). They are also present In the Bactrognathus- 
Pseudopolygnathus multlstrlatus Zone of Thompson and Fel
lows (1969)e Both of these zones have been assigned to the 
lower to middle Osagean.

The Polygnathus communls-Gnathodus sp. A Fauna 
should be assigned to the lower to middle Osagean.

Taphrognathus varlans Fauna
This fauna Is very sparse and less diverse than the 

two below it. Taphrognathus varlans occurs throughout the 
Interval, A single specimen of Gnathodus bulbosus was 
recovered near the upper limit of the Interval, and several 
species of Llgonodlna, Lonchodlna, and Neoprionlodus were 
found,

Taphrognathus varlans ranges from middle Osagean to 
middle Heroine clan strata in the Upper Mississippi Valley, 
where it occurs in the Bactrognathus-Taphrognathus Zone, 
Gnathodus texanus-Taphrognathus Zone, and Taphrognathus 
varlans-Apatognathus Zone (Collinson and others, 1962). 
Although Gnathodus bulbosus has not been reported from the 
Mississippi Valley faunas, Thompson and Fellows (1969) 
recognized a Gnathodus bulbosus Zone in Missouri, This 
zone is equivalent to the upper part of the Bactrognathus-
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Taphrognathus Zone of Collinson and others (1962), In 
Europe, Taphrognathus varlans Is known from middle Mera- 
mecian strata of the British Avonian (Rhodes, Austin, and 
Druce, 1969).

The Taphrognathus varlans Fauna of the Naco Hills 
should be assigned to the late Osagean.

Summary
A comparison of the faunas of the Escabrosa Lime

stone to the standard zonations of Collinson and others 
(1971) is shown on Figure 2. Two faunal breaks occur, 
separating the three faunas. Older Kinderhookian strata 
underlie the lowest exposed Escabrosa in the area, as 
approximately one-third of the formation is covered by 
alluvium. No conodonts were recovered from a fifty-foot 
interval separating the two upper faunas.

. Specimens of Cavusgnathus glgantus. C. lautus, 
Neognathodus bassleri, and Decllnognathodus nodullferus 
were recovered from three samples within the interval of the 
Taphrognathus varlans Fauna. These species range from Upper 
Misslssippian into the Pennsylvanian and their presence is 
as yet unexplained.
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Series Mississippi Valley 
Region

(Collinson and others, 
197D

Naco Hills 
(This Report)

Meramecian

Gnathodus texanus- ‘iaphrognathus
*

Taphrognathus varians

Osagean

Bactrognathus-
Taphrognathus

Bactrognathus-
Polygnathus
communis

Polygnathus 
communis- 

Gnathodus sp. A

Gnathodus semlglaber-
Pseudopolygnathus 
multistriatus

Slphonodella
isosticha- Gnathodus delicatus-

Kinderhooklan
S, cooper1 Pseudopolygnathus

S. quadrupllcata- 
S. crenulata Covered

Figure 2. A comparison of the Naco Hills conodont 
faunas with the standard North American 
Mississippian conodont zonation.



PENNSYLVANIAN CONODONT BIOSTBATIGEAPHY

Much of the previous work on Pennsylvanian conodont 
faunas has been restricted to pre-Mlssourlan rocks (Lane and 
others, 1971). Conodont zonations of Morrowan strata have 
been described by Lane (1967) for the type Morrowan area, 
northwest Arkansas. Webster (1969)1 in southern Nevada, and 
Dunn (1970b), in Nevada, Utah, and Oklahoma have also zoned 
Morrowan rocks. No standard zonatlon has been proposed for 
lower Derryan through Virgilian strata, although Webster 
(1969) discussed Derryan conodonts from southern Nevada.
Two major studies (Gunnell, 1933; Ellison, 1941) described 
Desmolneslan through Virgilian conodonts of Kansas and Mis
souri, and Jennings (1959) reported a Mlssourian-Vlrglllan 
fauna from South Dakota, Merrill (in Lane, and others,
1971) proposed a zonatlon for Pennsylvanian rocks from the 
central Appalachians.

Bocks of Pennsylvanian age In south-central and 
southeastern Arizona have been studied by Reid (1968) and 
Mlcklin (1969). Their zonations, using both fusulinlds and 
conodonts, indicated that due to the long ranges of most 
conodont species, fusulinlds were more useful for time- 
stratigraphic correlation.

21
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Conodont Faunas of the Horqullla Limestone

The Pennsylvanian strata of the Naoo Hills yielded a 
very diverse fauna, although Individual specimens were few 
in most samples. Conodont ranges and distribution are 
graphically illustrated on Figure 3 (In pocket),

Idlognatholdes Fauna
This fauna is characterized by the joint occurrence 

of Idlognatholdes convexus, I. slnuatus, and I, corrugatus. 
Species appearing at the base of the interval include 
Cavusgnathus glgantus, C. lautus, Neognathodus basslerl, 
Rhachlstognathus primus, and Ozarkodlna dellcatula. Other 
species in the fauna are Decllnognathodus nodullferus, 
Ozarkodlna campbelll, Spathognathodus crlstulus, S, mlnutus, 
Idlognathodus dellcatus, Cavusgnathus inflexus, and Strep- 
tognathodus parvus«

In the Naco Hills, the lower limit of this zone is 
the base of the Horqullla Limestone. The upper limit is 
marked by the first occurrence of Streptognathodus ante- 
eccentrlcus and Id1ognathodus magnlficus.

The fauna is similar to a Morrowan fauna described 
by Dunn (1970b) from Nevada and Utah. Lane (196?) discussed 
a succession of Idlognatholdes aff. I. nodullferus, Neo
gnat hodu s basslerl, then Idlognathodus sp. zones from the 
type Morrowan region in Arkansas, Webster (1969) also 
reported a Idlognatholdes nodullferus-Gnathodus basslerl
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succession in his Streptognathodus noduliferus-Idio-
gnatholdes convexa Zone in southern Nevada. Mlcklin (1969)
described a Morrowan fauna from the Horquilla Limestone in

.

the Dragoon Mountains which contained Cavusgnathus lautus,
C, glgantus. Idlognathoides corrugatus, I. sp., and Neo- 
gnathodus basslerl. The sequence of appearance of Idio- 
gnatholdes corrugatus before Neognathodus basslerl was the 
reverse of what Lane found in the Morrowan of the type area. 
Order of appearance in the Naco Hills is Neognathodus bas
slerl first and then the Idlognatholdes species.

.No zonation has been standardized for the Upper 
Carboniferous rocks of Europe (Rhodes and Austin, 1971» p, 
338)* Higgins and Bouckaert (1968) proposed a zonation of 
the Namurian of Belgium which contains "Gnathodus" nodu- 
llferus. Ozarkodlna dellcatula, and species of Idlognathol- 
des, appearing in that order. This agrees with the North 
American and Naco Hills successions.

The occurrence of Rhaohlstognathus primus and 
Peelinognathodus nodullferus indicate that this fauna is 
assignable to the Morrowan series (Dunn, 1970b, p. 2967), 
The upper boundary of the interval coincides with the 
Morrowan-Derryan boundary in the Naco Hills. No fusulinids 
are associated with this fauna.
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Streptognathodus anteecoentrlous- 
Idlognathodus magnlflous Fauna

In addition to the name species, this fauna Is 
characterized "by Neognathodus basslerl, Cavusgnathus lautus, 
C, glgantus. Ozarkodlna campbelllt 0. dellcatula, Idlo- 
gnatholdes sinuata, I, corrugatus, Spathognathodus crlstulus, 
S. mlnutus, and Idlognathodus delicatus, Neognathodus 
roundyl. Idlognathodus humerus. I, slnuosls, and Spatho- 
gnathodus coloradoensls all make their first appearance in 
this interval, and Idlognatholdes slnuatus and I. corrugatus 
disappear just above the base.

No standard zonatlon has been established for the 
Derryan. Webster (1969) discussed the lowest occurrence of 
Spathognathodus coloradoensls and Idlognathodus clavlformes 
near the base of his Zone of Profusullnella. Although 
Id1ognathodus clavlformes appears later in the Naco Hills, 
Spathognathodus coloradoensls is in the Streptognathodus 
anteeocentrlcus-Idlognathodus magnlflcus Fauna. Reid (1968) 
recognized species of Cavusgnathus. Idlognathodus, and 
Spathognathodus coloradoensls in Derryan strata of south- 
central Arizona, Streptognathodus was not present in his 
Derryan fauna. Micklin (1969) described a diverse fauna 
from Derryan strata of the Dragoon Mountains. This fauna 
included Idlognathodus delicatus. JI. magnlflcus, Neognatho- 
dus basslerl, Spathognathodus coloradoensls, and S,
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orlstulus, all species occurring In the Streptognathodus 
anteeccentrlcus-Idlognathodus magnlficus Fauna of the Naco 
Hills.

Fusullnlds associated with this fauna include Fusu- 
llnella. Wedeklndelllna, and Beedelna. Fusullnella ranges 
throughout the interval, but Wedeklndelllna and Beedelna 
only occur in the upper five feet. The Derryan-Desmoinesian 
boundary is just below the occurrence of Wedeklndelllna and 
Beedelna. Ross and Sabins (1965, P* 179) placed this 
boundary below the first occurrence of Fusullna (Beedelna of 
this report).

Decllnognathodus lateralls- 
Spathognathodus coloradoensis Fauna

This fauna is characterized by the continuation of 
Neognathodus basslerl. N, roundyl, Cavusgnathus glgantus,
C, lautus, C. inflexus, Ozarkodlna campbelli, 0 , dellcatula, 
Spathognathodus orlstulus, S, mlnutus, S. coloradoensis, 
Idlognathodus dellcatus, , magnlficus, I, slnuosls, Strep- 
tognathodus anteeocentrlcus. and S. parvus from the 
proceeding fauna. Deollnognathodus lateralis appears near 
the base of the interval, while Idlognathodus olavlformes 
appears midway through the interval. Except for a single 
specimen of Deollnognathodus lateralis in the overlying 
fauna, both of these species are restricted to this interval. 
Idlognathodus humerus, jC. slnuosls. I. olavlformes, and



Streptognathodus anteeccentrlcus disappear In the lower part 
of this Interval. Spathognathodus orlstulus, S, Colorado- 
ensls, and Id1ognathodus magnlflens persist Into the upper 
part of the Interval.

The upper limit of this fauna Is marked by the last 
occurrence of Spathognathodus coloradoensls and Decllno- 
gnathodus lateralis, and the first occurrence of Strepto- 
gnathodus eccentrlcus, S. oppletus, S. excelsus, S. gracilis, 
and Spathognathodus sp. A,

This fauna is similar to the Desmoinesian fauna 
described by Ellison (19^1) from Missouri and Kansas, Seven 
species are common to both faunas» Idlognathodus delicatus, 

magnlfleus. I. clavlformes, Ozarkodlna dellcatula. 
Spathognathodus mlnutus, Cavusgnathus glgantus, and Neo- 
gnathodus roundyl. Murray and Chronic (1965)1 studying the 
Minturn Formation in Colorado, described a very similar 
fauna which also included Spathognathodus coloradoensls, a 
Middle Pennsylvanian index fossil for the Great Basin (Lane 
and others, 1971» p. 406).

The Desmoinesian fauna reported by Micklin (1969) 
from the Horqullla of the Dragoon Mountains contains many of 
the same taxa present in the Decllnognathodus lateralis- 
Spathognathodus coloradoensls Fauna of the Naco Hills. 
Streptognathodids, common in Micklin*s collections, were 
absent in the Decllnognathodus lateralls-Spathognathodus
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Streptognathodus excelsus Fauna

The lower limit of this fauna is marked by the 
first appearance of Streptognathodus excelsus, S, eccentri- 
cus, S, oppletus, S, gracilis, and Spathognathodus sp. A; 
the upper boundary by the youngest occurrence of Strepto- 
gnathodus excelsus, Neognathodus roundyl, and Cavusgnathus 
inflexus, The upper boundary is also marked by the first 
appearance of Streptognathodus elegantulus and Lonchodlna 
sp. A, Other species in the fauna are Cavusgnathus glgantus, 
C. lautus, Ozarkodina campbelli, 0, delicatula, Spatho- 
gnathodus mlnutus, Idiognathodus delicatus, and Strepto- 
gnathodus parvus.

The Streptognathodus excelsus Fauna of the Naco 
Hills closely resembles the Midcontinent Missourian fauna 
described by Ellison (1941, p. 109-110), Nine species, 
including four species of Streptognathodus, are common to 
both. Three of these four species of Streptognathodus were 
also reported by Merrill (in Lane and others, 1971, fig. 4) 
from basal Missourian and Virgilian units of the southern 
Appalachians. Reid (1968) and Micklin (1969) described 
sparse faunas from Missourian strata of southern Arizona in 
which species of Cavusgnathus, Spathognathodus, and Strepto
gnathodus were characteristic.

The fusulinid genus Trltlcites first occurs in the 
basal unit of the interval. This indicates that the lower
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limit of the interval is coincidental with the Desmoinesian- 
Missourian boundary (Boss and Tyrell, 1965, p. 619j Ross, 
1969, p. 1407).

Streptognathodus elegantulus Fauna
Characteristic species of the Streptognathodus 

elegantulus Fauna include the name species, Cavusgnathus sp. 
A, Lonchodlna sp. A, and genus undescribed sp* _ Other 
species present in this fauna include Cavusgnathus lautus, 
Ozarkodlna Campbell!, 0, delicatula, Spathognathodus sp. A, 
Idiognathodus delicatus, Streptognathodus oppletus, and S. 
parvus. The lower limit of the interval of the fauna is 
defined by the first appearance of Streptognathodus elegan- 
tulus and Lonchodlna sp. A, and the last occurrence of 
Neognathodus roundyi. Cavusgnathus inflexus, and Strepto
gnathodus excelsus. The upper limit of the faunal Interval 
is above the top limit of the measured section; the ranges 
of Cavusgnathus lautus, C. sp. A, Spathognathodus sp. A, and 
Streptognathodus elegantulus extend into the overlying Earp 
Formation.

This fauna is also similar in content to other Mis
sourian and Virgilian faunas. Several long-ranging species 
last occur in this interval: Cavusgnathus glgantus, Ozarko
dlna campbelli, 0. delleatula, Spathognathodus mlnutus,
Idlognathodus delicatus, and Streptognathodus parvus.
Ellison (1941), Reid (1968), and Mlcklin (1969) all reported
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abrupt drops in species diversity from Missourian to Vlr- 
gilian samples. Extinction of these long-ranging species 
may reflect the Virgilian decrease. A distinct boundary is 
not apparent, however, by the disappearance of these taxa.

Summary
The conodont faunas of the Horquilla Limestone in 

the Naco Hills are similar in content and, in most cases, 
in faunal succession, to Pennsylvanian faunas described from 
other areas. The general trend in the sequence of conodont 
faunas is from an Early Pennsylvanian Idlognatholdes fauna, 
through a mixed fauna dominated by Idiognathodus in Middle 
Pennsylvanian, to a Late Pennsylvanian Streptognathodus- 
dominated fauna. This succession is similar to that 
illustrated by Merrill (in Lane and others, 1971, fig. 4). 
Other authors (Ellison, 1941; Reid, 1968; Mlcklln, 1969) 
have reported the same succession of genera in Pennsylvanian 
faunas.

A study of fusulinids in the Naco Hills reveals that 
the transition from Idlognatholdes to Idlognathodus marks 
the Morrowan-Derryan boundary. The Desmolnesian-Missourlan 
boundary coincides with the appearance of the Strepto- 
gnathodus-domlnated fauna. Although a Derryan-Desmolneslan 
boundary can also be determined by fusulinids, there is no 
distinct change in the conodont fauna. The Mlssourian- 
Virgllian boundary, however, was not delineated by either



30
fusulinids or conodont ranges. The extinction of several 
long-ranging species may be the beginning of the drop in 
species diversity which is indicative of the Virgillan.

Gondolella, a useful platform genus common in Late 
Pennsylvanian faunas of the Midcontinent, is absent in the 
Naco Hills samples, This genus is generally absent from 
faunas of this age in the Great Basin (Webster, in Lane and 
others, 1971» p, 4o6) and in the southern Appalachians 
(Merrill, in Lane and others, 1971, P* 408). Merrill (in 
Lane and others, 1971, P. 409) stated that Gondolella now
appears to be too provincial for widespread zonation.



CONCLUSIONS

On the basis of this study, several conclusions can
be madei

1 . Mississippian conodonts are not abundant in the 
Escabrosa Limestone but faunas compare favorably to the 
standard conodont zonation of the Midcontinent. This 
comparison Indicates that the age of the Escabrosa Limestone 
in the Naco Hills ranges from late Kinderhookian to late 
Osagean.

2. The sequence of appearance of the diagnostic 
Morrowan conodont species is similar to that discussed by 
other investigators in the Great Basin and the Midcontinent.

3. Derryan through Virgilian conodont faunas have 
not been thoroughly investigated in other areas of the 
world. Platform conodonts in the Naco Hills section, how
ever, follow successions in faunas that have been described. 
Idlognathodus characterizes Middle Pennsylvanian strata and 
Streptognathodus dominates faunas of the Late Pennsylvanian.

4. Conodont faunal boundaries coincide with fusu- 
linld boundaries between the Morrowan and Derryan, and the 
Desmoineslan and Missourian. The Derryan-Desmoinesian and 
the Missourian-Virgilian boundaries are not easily recog
nized using conodont ranges or assemblages.
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5» Lithologic evidence suggests that two major 

regressions affected sedimentation during the Pennsylvanian 
in the area of the Naco Hills. A silt-dolomite interval in 
the middle of the Horquilla indicates a shallowing of the 
sea at the end of the Desmoinesian. At the top of the Hor
quilla, a series of sand, silt, and dolomite beds suggests 
another regression resulting in a shallowing of the sea.
A major unconformity is marked by a lithologic change at the 
Escabrosa-Horquilla contact; faunal evidence suggests that 
the hiatus represented by the unconformity includes all of 
Meramecian and Chesterian time.



SYSTEMATIC PALEONTOLOGY

Two methods of classification of conodonts are 
available to paleontologists. The form genus taxonomy, 
based on morphology, was established by Pander (1856),
Since that time, this type of classification has developed 
into a useful stratigraphic tool. The multielement taxon
omy, conceived by Hinde (1879),was documented by the 
discovery of natural assemblages (Schmidt, 1934; Scott, 
1934). Since being further developed (Sweet and Bergstrom, 
1971) this classification has been accepted by most workers.

Individual conodont specimens were generally not 
abundant in the Naco Hills samples. As a statistical 
count is necessary for determlng assemblages, the material 
recovered was not sufficient. A morphologic, form taxonomy, 
therefore, was chosen for this study.

All specimens described and Illustrated in this 
study are reposited in the paleontology collection at the 
University of Arizona, Tucson, Arizona,

Genus CAVUSGNATHUS Harris & Hollingsworth, 1933
Type species. Cavusgnathus altus Harris & 

Hollingsworth, 1933.
Remarks. The genus Adetognathus was erected by 

lane (1967) to include all forms, previously included in
33



34
Cavusffnathus. which have a longer free blade than fixed 
blade. This would restrict Cavusgnathus to Misslssipplan 
forms and Adetognathus to Late Mlssissipplan and younger 
species.

As Webster (1969, p. 2 5) noted, there is some 
variation in the ratio of fixed blade to free blade; some 
stratlgraphlcally younger species have a longer free blade, 
Although Lane believed the forms which he assigned to the 
genus Adetognathus do not stem from any assigned to Cavus
gnathus , Webster felt that there is sufficient mixing of 
long- and short-bladed forms in the Late Misslssipplan time 
to consider the two generic names synonymous,

This study will use the generic name Cavusgnathus 
for all forms previously assigned to Adetognathus.

Cavusgnathus glgantus Gunnell 
Fig. 4, nos. 1-3

Cavusgnathus glgantea GUNNELL, 1933, p. 264,
Cavusgnathus glgantus GUNNELL, 1933, P. 286, PI, 33,

figs, 7, 8; WEBSTER, 1969, p. 26, PI. 4, fig. 4; 
MERRILL & KING, 1971, p. 654, PI. 75, figs. 19-22, 
30-32.

TCavusgnathus mlssourlensls GUNNELL, 1933, P. 286-287, PI.
33, figs. 10, 11.

?Cavusgnathus lautus GUNNELL, 1933, p. 286, PI. 33, fig. 9.
Cavusgnathus glganta (Gunnell). ELLISON, 1941, p. 126, PI.

Si, figs. 44, 45, 49; ELLISON & GRAVES, 1941, p. 2, 
PI. 3, fig. 3» BRANSON, 1944, p. 325, PI. 44, figs. 
44, 45, 49; YOUNGQUIST & DOWNS, 1949, p. 162, PI. 30,
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figs. 18-20# McLa u g h l i n, 1952, p. 620, p i . 83, 
figs. 3i 4 , 6, 7; REID, 1968, p. 116, fig. 20, 
nos. 1-8; MICKLIN, 1969, p. 136, fig. 17, nos.14, 15.

Cavusgnathus area STURGEON & YOUNGQUIST, 1949. p. 383,
PI. 75, figs. 11, 12.

Cavusgnathus unicornis YOUNGQUIST & MILLER, 1949, p. 619,
PI. 101, figs. 18-23; REXROAD, 1957, P. 17, PI. 1, 
figs. 6-11; REXROAD & BURTON, I96I, p. 1152, PI. 138, 
figs. 10-12; REXROAD & COLLINSON, 1963, p. 9, PI. 1, 
figs. 26, 27; REXROAD & FURNISH, 1964, p. 670,
PI. Ill, fig. 3; GLOBENSKY, 1967, p. 439, PI. 57, 
figs. 5, 14; STIBANE, 1967. p. 333-334, PI. 35, 
figs. 1-5; DUNN, 1970% p. 329, PI. 61, fig. 29; 
MERRILL & KING, 1971, p. 654, PI. 75, figs. 19-22, 
30-32.

Cavusgnathus spatha DUNN. 1966, p. 1297, 1299, PI. 157, 
figs. 7, 8 only.

Adetognathus glgantus (Gunnell). LANE, 1967, P. 931, PI.
l5o7 figs. 16, 18, 19; PI. 121, figs. 8, 12, 13, 1 6; 
DUNN, 1970a, p, 325, PI. 61, figs. 2, 3l Text-fig.10E.
Description. The platform on this right-handed form 

is long, low, and either pointed or rounded at the posterior 
end. Both parapets are ornamented by parallel transverse 
ridges which are obsolescent toward the deep inner trough. 
The outer parapet continues into a fixed blade which may or 
may not continue into a free blade. The inner parapet shows 
some sinuosity which becomes more marked with Increasing 
overall size. Seven to nine denticles make up the blade; 
the posteriormost rises abruptly above and is wider than the 
others. The aboral cavity Is long, moderately deep, and 
flares outward from the somewhat restricted platform sides.



DiscussIon« The species is characterized by a high, 
wide posterior denticle. Other features, such as the blade, 
degree of parapet sinuosity, and oral arching are highly 
variable. Some investigators (Youngqulst & Miller, 19^9; 
lane, 19671 and others) considered Cavusgnathus unicornis to 
be a late Mississipplan homeomorph of C. glgantus. As 
Webster (1969) stated, however, a "broad interpretation" of 
the species would include both forms.

Occurrence. This species ranged from late Valmey- 
eran to Wolfcampian in the Midcontinent, In central 
Arizona, Held (1968, p, 118) reported this species ranging 
from Middle Derryan through Lower Missourian strata.
Micklln (1969, p. 137) reported Cavusgnathus glgantus from 
Morrowan to Missourian strata. The specimens from this 
study range from Morrowan to Missourian,

Material studied. 207 specimens.
Repository. Figured hypotypes, UA 2101, UA 2102,

UA 2103.

Cavusgnathus inflezus (Dunn)
Fig. 4, nos. 6, 7

Adetognathus inflexus DUNN, 1970a, p. 327, PI. 6l, figs.
8-10, 15, 16, Text-fig. 10D.
Description. This right-handed form appears 

orally arched in a lateral view. The platform is long, 
low, and posteriorly pointed. Both parapets are ornamented
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by parallel, transverse ridges which are obsolescent toward 
the inner trough. The outer parapet extends anteriorly into 
a free blade of six to seven high denticles. The posterior- 
most denticle rises vertically from the parapet to the 
height of the rest of the blade, about twice that of the 
platform. The platform is somewhat sinuous or curved when 
viewed orally. The aboral cavity is asymmetrical, long and 
shallow, flaring out slightly from the straight sides of the 
platform.

Discussion. C. inflexus most closely resembles G, 
glgantus. The cusp on C. glgantus. however, is higher, 
wider, and generally more pointed than that on C, inflexus.
A high blade is also characteristic of C, Inflexus. In the 
Naoo Hills fauna, this form is smaller than the average £. 
glgantus. Merrill and King (1971) felt that Dunn’s specimens 
resemble the type specimens of Gunnell's C. glgantus. The 
specimens assigned to C. inflexus in this study differed 
from C, glgantus sufficiently enough to warrant assignment 
to a different species.

Occurrence. Dunn (1970, p. 328) reported this 
species from Morrowan strata of Oklahoma, Utah, and Nevada,
In the Naco Hills, Cavusgnathus Inflexus ranges from 
samples 301 to 263, Morrowan to early Missourian,

Material studied. 15 specimens.
Repository, Figured hypotypes, UA 2106, UA 2107.
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Cavusgnathua lautus Gunnell 

Fig. 4, nos, 4, 5

Cavusgnathus lauta GUNNELL, 1933, P. 264* ELLISON, 1941, p. 
1257 Pi”. 21, figs. 4?, 481 ELLISON & GRAVES, 1941, 
p. 2, PI. 3# fig. 2; BRANSON, 1944, p. 325. PI. ^5. figs. 4?, 48.

Cavusgnathus lautus GUNNELL, 1933, P. 286, PI. 31, figs.
W7~68I WEBSTER, 1969, p. 28, PI. 4, figs. 9a, 9bi 
MERRILL & KING, 1971, p. 655, PI. 75, figs. 23-29.

Cavusgnathus ralssourlensls GUNNELL, 1933, P. 286-287, PI.
33, fig. 11 only.

Cavusgnathus spatha DUNN, 1966, p. 1297, 1299, PI. 157, 
figs. 3a-3c only.

AAetognathus lauta (Gunnell). LANE, 1967, p. 933-934, PI. 
T2l7 figs. 1-5, 7, 10, 11, 14, 15, 17, 18; REID, 
1968, p. 118, fig. 20, nos. 9-16; MICKLIN, 1969, P. 
138, fig, 17, nos. 2-3, 12-13.

Cavusgnathus regularls Youngquist & Miller. STIBANE, 1967,
P. 333, PI. 35, figs. 8-17, 19 only.

Cavusgnathus spathus ..Dunn, WEBSTER, 1969, p. 28-29, PI. 4, 
figs, la, lb only,

AAetognathus lautus (Gunnell). DUNN, 1970a, p, 327, PI. 6l, 
figs. 1, 4, Text-fig. 10C; DUNN, 1970b, Text-fig. 4.
Description. The platform on this exclusively 

left-hanAeA form is long, low, anA posteriorly pointeA,
Both parapets are ornamenteA by parallel transverse rlAges 
which are obsolescent towarA the Aeep inner trough, The 
outer parapet continues into a long free blade consisting 
of seven to nine Aenticles which increase in height anter
iorly, The aboral cavity is long, of varying Aepth, anA 
with moderately flared lateral margins, Large specimens 
may show some sinuosity of the parapets.



Discussion. The range of C. lautus closely parallels 
that of C, glgantus. Webster (1969) noted that these two 
species may be the left and right pair from one conodont- 
bearlng animal. The two species occur in equal numbers in 
many of the samples of this study. This species Is char
acterized by lacking the prominent posterior blade denticle 
which is present on C. glgantus♦

Occurrence. Cavusgnathus lautus has been reported 
from Morrowan to Wolfcamplan strata in much of North Ameri
ca- (Ellison, 19^1, p. 126), Reid (1968, p. 120) reported 
the species from Middle Derryan to Virgilian strata in 
central Arizona, Micklln (1969, p. 139) reported a Mor
rowan to Missourian range in the Dragoon Mountains, In 
the Naco Hills, Cavusgnathus lautus was recovered from 
samples 295 to 504, Morrowan through Upper Pennsylvanian. 

Materials studied, 204 specimens.
Repository. Figured hypotypes, UA 2104, UA 2105.

Cavusgnathus sp. A 
Fig. 4, nos. 8, 9

Adetognathus sp. B MICKLIN, 1969, p. 142-143, fig. 17, nos, 1 , 11,
Description. This ambidextral form has a small, 

narrow, platform which is sharply pointed posteriorly. Two 
faintly nodose parapets flank a deep, sharp, longitudinal 
trough. Both parapets are depressed sharply at the

39
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Junction of the blade, which Joins the platform in an 
outer medial position. The blade is bent outwardly to 
form the outer parapet. The blade is formed of at least 
six wide, sharply pointed, denticles which are fused to two- 
thirds of their height. The aboral cavity is long, narrow, 
subsymmetrical, pointed both anteriorly and posteriorly, and 
extends beneath the blade as a fine groove.

Discussion. This form is morphologically similar 
to genus undescribed sp. of this report. In many of 
the specimens the blade Joins the platform in a more medial 
position, but still continues as a parapet.

Adetognathus sp. B of Mlcklln (1969) and Cavus- 
gnathus sp, A appear to be the same species, Mlcklln 
described his specimens as being both right and left 
handed. Examination of his specimen in the University of 
Arizona Paleontology Collection revealed that it compares 
favorably to C. sp. A.

The similarities in size, morphology, and strati
graphic range of C. sp, A and genus undescribed sp.
(this report) suggest that these two species may represent 
individual elements of one multielement species.

Occurrence. Mlcklln (1969, p, 143) reported 
Adetognathus sp. B from the Dragoon Mountains in late 
Desmoinesian to early Missourian strata. In the Naco
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Hills, Cavusgnathus sp. A occurs In samples 276 to 504 of 
Late Missourian through late Pennsylvanian age.

Material studied. 13 specimens.
Repository. Figured specimens, UA 2108, UA 2109.

Genus DECLINOGNATHODUS Dunn, 1966 

Type species. Cavusgnathus nodullfera Ellison & 
Graves, 1941.

Decllnognathodus.lateralis (Higgins & Bouckaert)
Fig. 4, nos. 10-12

Cavusgnathus nodullfera ELLISON & GRAVES, 1941, PI. 3» 
fig. 6 only.

Idlognatholdes aff. I. nodullfera Ellison & Graves. LANE, 
1967, PI. 123, figs. 9-11, 13 only.

Streptognathodus lateralis HIGGINS & BOUCKAERT, 1968, p.
45, PI. 5, figs. 1-4, 7.

Decllnognathodus lateralis (Higgins & Bouckaert), DUNN, 
i970a, p. 330, PI. 62, figs. 5-7, Text-fig. 9E.
Description. The ambidextrous platform is lanceo

late with a pointed or somewhat rounded posterior end. The 
blade joins the platform in a medial position, then forms a 
carina which merges with the outer parapet at one-third to
one-half of the distance posteriorly. From this point the 
carina and the parapet are joined by parallel transverse 
ridges which bridge the gap between them. The inner parapet 
Is ornamented by nodes which may or may not descend into the

x
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deep longitudinal trough. The "basal cavity Is asymmetrical, 
moderately wide, and pointed both posteriorly and anteriorly.

Discussion. D. lateralis differs from D, noduli- 
ferus in the morphology of the outer parapet. In D, 
lateralis the carina merges with the outer parapet then 
continues posteriorly,-while In D, nodullferus the merging 
of the parapet and the carina eliminates the carina.

Occurrence. Dunn (1970a, p, 330) reported Decline- 
gnathodus lateralis from Morrowan strata of Texas, Oklahoma, 
and Nevada, In the Naoo Hills, this species was recovered 
from samples 339 to 251 of Desmolnesian age. The Naco Hills 
specimens may represent an extension of the range of the 
species, although none were recovered from strata earlier 
than Desmolnesian, The species has not been reported from 
Arizona prior to this study.

Material studied. 25 specimens.
Repository. Figured hypotypes, UA 2110, UA 2111,

UA 2112.

Decllnognathodus nodullferus (Ellison & Graves)
Fig. 4, no. 13

Cavusgnathus nodullfera ELLISON & GRAVES, 1941, p. 4, PI. 3, 
fig. 4 only; HIGGINS, 1962, PI. 3, fig. 2?.

Streptognathodus parallelus CLARKE, i960, p, 29, PI. 5 , 
figs. 6-8, l4, 15.

Streptognathodus japonlcus ICO & KOIKE, 1964, p. 188, PI. 
20, figs. 5-10 only.
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PeollnoKtiathodus nevadensls DUNIJ, 1966, p. 1300, PI, 158, 

figs. 4, FI
Idlpgnatholdes aff. I, nodullfera (Ellison & Graves). LANE, 

196?, p. 938, PI. 123, figs. 16, 17.
Gnathodus nodullfera (Ellison & Graves), KOIKE, 1967, p. 

297, PI. 3 , figs. 9-11 only.
Gnathodus noduliferus (Ellison & Graves). HIGGINS & 

BOUCKAERT, 1968, p. 33, PI. 2, figs. 6-12.
Gnathodus japonlcus (Igo & Koike). HIGGINS & BOUCKAERT, 

1968, p. 35, PI. 4, figs. 1, 2, 4.
Idlognatholdes nodullfera (Ellison & Graves). IGO & KOIKE,

1968, p. 28, PI. 3, figs. 7-12.
Streptognathodus noduliferus (Ellison & Graves). WEBSTER,

1969, P. 48, PI. 4, figs. 7, 8.
Deollnognathodus noduliferus (Ellison & Graves). DUNN, 

1970a, p, 330, PI. 62, figs, 1, 2, Text-fig. 9D.
Description. The platform is long, moderately

narrow, with a pointed to rounded posterior end. The blade
joins the platform in a medial position and continues one-
third of the distance posteriorly, where it merges with the
outer parapet. Anteriorly, one to three nodes are aligned
parallel with the carina. Both parapets are ornamented with
nodes or short parallel ridges which are obsolescent in the
deep longitudinal trough. The basal cavity is deep, wide,
and asymmetrical.

Discussion. Decllnognathodus noduliferus has been 
assigned to several different genera by various authors. I 
believe that it differs enough morphologically. to warrant 
assignment to Decllnognathodus. Dunn (1970a, p. 330)
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remarks that this species is a widely recognized Morrowan 
index species which is readily identifiable despite slight 
provincial variations* The specimens in the Naco Hills 
fauna compare favorably with figured specimens of both Dunn 
(1970a) and Webster (1969).

Occurrence, This species has been reported from 
Chesterian strata of Spain (Higgins, 1962), from the Middle 
Morrowan of North America (Dunn, 1970a; Lane, 1967; Webster, 
1969)t and from the Late Morrowan of Japan (Koike, 1967).
In the Naco Hills, this species is present in sample 297 of 
Early Morrowan age.

Material studied. 32 specimens.
Repository. Figured hypotype, UA 2113.

Genus GNATHODUS Pander, 18$6 
Type species. Gnathodus mosquensls Pander, 18$6.

Gnathodus sp, cf, G, blllneatus (Roundy)
Fig. 4, no. 14

Gnathodus sp. cf, G, blllneatus (Roundy), THOMPSON, 1967, 
p. 37, PI.“3, figs. 6, 10, 12, 17; THOMPSON &
FELLOWS, 1969, p. 84, PI. 1, figs. 5» 10.
Description. The central carlna is narrow and fused,

extending to the posterior end. Two nodose parapets,
separated from the carlna by shallow troughs, converge at
the posterior end. The aboral cavity is pointed posteriorly,
widening anteriorly under the flaring skirts of the outer
platform.
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Discussion. The specimen found in the Naco Hills 

consisted of only the posterior one-half of a platform.
This fragment compared favorably with those specimens figured 
by Thompson (1967) and Thompson and Fellows (1969).

Occurrence. Thompson and Fellows (1969, Table 1) 
reported Gnathodus sp, of. G. blllneatus from early Osagean 
strata of Missouri, In the Naco Hills, one specimen was 
found in sample 112, lower Osagean.

Material studied. 1 fragmental specimen.
Repository. Figured hypotype, UA 2114,

Gnathodus bulbosus Thompson 
Fig, 4, no. 15

Gnathodus bulbosus THOMPSON, 1967, p. 37, PI, 3 , figs. 7,
11, 18-21; PI. 6, figs. 2, 7I THOMPSON & FELLOWS, 
1969, P. 84, PI. 1, figs. 3 , 6, 8, 9, 12, 13.
Description. The inner side of the broad, rounded 

platform is ornamented by a large circular node. The outer 
side Is free of ornamentation. Both platform margins are 
approximately the same length, the outer flaring more 
posteriorly than the inner. The carlna extends beyond the 
flared platform, becoming broader or bulbous posteriorly.
The aboral cavity is very broad and deep, and is sharply 
pointed posteriorly.

Discussion. The bulbous protrusion of the posterior 
end of the platform serves to distinguish this species from 
other forms of Gnathodus (Thompson, 1967),
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Occurrence, This species occurs In the upper middle 

Osegean of the Mldcontlhent (Thompson & Fellows, 1969). In 
the Naco Hills, one specimen was recovered from sample 163, 
Osagean,

Material studied, 1 specimen.
Repository. Figured hypotype, UA 2115.

Gnathodus commutatus commutatus (Branson & Mehi)
Fig. 4, ho. I?

Spathognathodus commutatus BRANSON & MEHL, 1941a, p. 98, PI, 
19, figs. 1-4| ELLISON & GRAVES, 1941, p. 3-4, PI.
2, fig. 6 only1 ELIAS, 1956, p. 119, PI. 3, figs. 
19-22, CLARKE, I960, p. 19, PI. 3, figs. 4, 5.

Gnathodus Inomatus HASS, 1953, p. 80, PI. 14, figs. 9-11.
Spathognathodus Inomatus (Hass). ELIAS, 1956, p. 119, PI.

3, figs. 37-39.
Spathognathodus cf. Inomatus ELIAS, 1956, p. 119, PI. 3,

figs. 41, 42 only; REXROAD, 1957, P. 38, PI. 3, figs. 
23, 24, REXROAD, 1958, p. 26, PI. 6, fig. 8.

Gnathodus commutatus commutatus (Branson & Mehl). BISCHOFF, 
19j>7, P. 22, PI. 4, figs. 2-6, 15; ZEIGLER, 1957, 
p. 39, PI. 3, fig. 21; SERRE & LYS, i960, p. 39, 
fig. 3I HIGGINS, 1962, PI. 2, fig. 22, MEISCHNER, 
1962, Text-fig, 10; HIGGINS & BOUCKAERT, 1968, P. 17, fig. 3, DUNN, 1970a, p. 331, PI. 62, figs. 11, 12, 
Text-fig, 11-A.

Gnathodus commutatus var, commutatus (Branson & Mehl).
HIGGINS, 1961, n. 212, PI. 10, fig. 6, Text-fig. la 
(left fig. only).

Gnathodus scotlaensis GLOBENSKY, 1967, p. 44l, PI. 58, figs.2-7, 10, 12.
Gnathodus commutatus (Branson & Mehl). RHODES AND OTHERS, 

1969, p. 95. PI. 19, figs. 9-12.



Description. A long, high blade extends as a high
carlna to the posterior end of the platform. The platform 
Is widely flared, asymmetrical, sharply pointed posteriorly, 
and devoid of ornamentation. The inner flare Is situated 
slightly anterior to the outer. In lateral view the form is 
unflexed except for a slight arch beneath the platform. The 
aboral cavity is wide, relatively short, and pointed both 
anteriorly and posteriorly.

Discussion, Only one specimen of this species was 
recovered from the Naco Hills fauna, but the lack of orna
mentation and the general gnathodid appearance are diagnostic 
of Gnathodus commutatus commutatus.

Occurrence. This species is known from Visean 
through early Namurlan (early Osagean to late Chesterlan) 
strata in Europe (Meis timer, 1970, fig, 2; Rhodes and others, 
1969). It is known from strata of late Merameolan through 
Chesterian age in North America (Collinson and others, 1971» 
fig, 4). In the Naco Hills, one specimen was recovered from 
sample 102 of lato Kinderhooklan age.

Material studied. 1 specimen.
Repository. Figured hypotype, UA 2117,

Gnathodus dellcatus Branson & Mehl 
Fig, 4, no. 16

Gnathodus dellcatus BRANSON & MEHL, 1938, p, 145, PI. 34, 
figs. 25-27, BRANSON, 1944, PI. 39, figs. 25-27t 
HASS, 1951, PI. 1, fig. 4 | HASS, 1959, p. 394,



48
PI. 46, figs, 3-7i PI. 48, figs, 1-5, 8> VOCES, 1959, 
p. 283, PI. 33, figs. 31-33; ZIEGLER, in KRONBERG & 
OTHERS, I960, PI. 4, figs. 7, 11 only; ZIEGLER, I960, 
PI. 4, fig. 4; HIGGINS, 1962, PI. 2, fig. 24 only; 
REXROAD & SCOTT, 1964, p. 29, PI. 2, figs. 4-6; 
HIGGINS AND OTHERS, 1964, p, 226, PI. 5, fig. 24; 
ELIAS, 1966, p. 13, PI. 1, fig. 1; THOMPSON, 196?, 
p. 39, PI. 3, figs. 1, 6; CANIS, 1968, p. 538, PI.
74, figs. 7, 8; RHODES & OTHERS, 1969, p. 97, PI. ' 
18, figs. 12a-d; PI. 30, fig. 6a-c; THOMPSON & FEL
LOWS, 1969, p. 85, PI. 1, figs. 14, 17, 18; PI. 2, 
figs. 1, 5; MARKS & WENSINK, 1970, p. 26l, PI. 3, 
figs. 8, 9, 11.

Gnathodus of. G. delicatus Branson & Mehl. NORBY, 1971, P. 
73, PIT VI, figs. 4-6.
Description. The subtriangular platform has a 

narrow inner side with a single row of faint nodes, The 
broad, flaring outer side Is ornamented with several sub
parallel nodes roughly parallel to the oarina. The aboral 
cavity is asymmetrical, pointed posteriorly, and continues 
beneath the blade as a narrow groove.

Discussion. Gnathodus delicatus is an indicator 
for late Klnderhooklan (Thompson and Fellows, 1969, p. 85). 
It is distinguished from the early Klnderhooklan G. kockell 
by its prominent, distinctive ornamentation, and its less 
circular platform flare.

Occurrence. Gnathodus delicatus has been reported 
from rocks, of late Klnderhooklan age in North America 
(Colllnson and others, 1971, fig. 4). Melsohner (1970, fig. 
2), however, extended its range up into lower Osagean. In 
the Naco Hills, this species was recovered from samples 99 
and 102 of late Klnderhooklan age.
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Material studied, 8 specimens,
Repository. Figured hypotype, UA 2116.

Gnathodus sp. A,
Fig. 5, nos. 1, 2

Description. The inner platform is wide, moderately 
short, and ornamented with ridges which radiate from a 
shallow longitudinal groove. The groove may or may not 
reach the posterior extremity. The outer platform is mod
erately flared, unornamented, and asymmetrical. In a 
lateral view, the platform is high, unarched, with a squared 
posterior end. The blade is thickened along its base, 
thinning upward to laterally compressed, sharp denticles.
An asymmetrical aboral cavity extends to the posterior end, 
is shallow, and is pointed both anteriorly and posteriorly. 
It extends as a low keel beneath the blade.

Discussion. This form may have some affinities with 
the Gnathodus glrtyl Hass lineage which appears later in the 
Mlssissippian, as the wide inner platform is unlike that of 
any of the early Mlssissippian gnathodids, Gnathodus seml- 
glaber (Blschoff) also tends to have a bulbous interior 
platform, but its outer platform is generally ornamented. 
Both G. glrtyl and G, semlglaber occur later in the Mlssis
sippian than G, sp. A.

Occurrence. Gnathodus sp. A was recovered from 
samples 112 and 118, middle Osagean,
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Material studied. 4 specimens.
Repository. Figured specimens, UA 2118, UA 2119,

Genus IDIOGNATHODUS Gunnell, 1931 
Type species. Idlognathodus clavlformes Gunnell,

1931.

Idlognathodus clavlformes Gunnell 
Fig. 5, nos. 3* 4

Idlognathodus clavlformes GUNNELL, 1931» p. 149, PI. 29, 
fig. 211 ELLISON, 1941, p. 137, PI. 23, figs. 12,
14, 18, 20, 21, 23t FAY, 1952, p. 112j JENNINGS,
1959, p. 995-996, PI. 124, figs. 4, 5» BEID, 1968, 
p. 131-132, fig. 22, nos. 8-10; MICKLIN, 1969, p. 
153-154, fig. 19, nos. 13, 14.
Description. The platform Is wide, short, asymmetri

cal, and bluntly rounded posteriorly. It Is ornamented with 
five to seven transverse ridges which become discontinuous 
anteriorly. The laterally compressed blade joins the plat
form in a medial position, then continues posteriorly as a 
low fused carina. The short carlna is flanked by troughs 
which are shallow and relatively wide. Accessory lobes are 
situated on both anterior margins. The inner lobe is more 
highly developed and distinct than the outer. Both lobes 
are ornamented with several nodes.

Discussion. Idlognathodus magnlflous is the only 
species which closely resembles I, clavlformes. I. clavl
formes can be distinguished from it, however, by its rounded



posterior end. Both species are often worn on the anterior 
oral surface of the platform. This often alters the appear
ance of the ornamentation.

Occurrence. Ellison (1941) reported Idlosnathodus 
olavlforraes from Desmoinesian through upper Missourian 
strata in Kansas and Missouri. This species was reported 
from Derryan rocks in Texas by Stauffer and Plummer (1932, 
p. 45). Reid (1968) recovered this species from early and 
middle Missourian rocks in central Arizona, and Mlcklln 
(1969) reported it from late Derryan through Missourian 
strata. In the Naco Hills, %. claviformes was recovered 
from samples 224 and 227, Desmoinesian,

Material studied. 2 specimens.
Repository. Figured hypotypes, UA 2120, UA 2121.
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Idlognathodus dellcatus Gunnell 
Fig. 5, nos. 5-7

Idlognathodus dellcatus GUNNELL, 1931, p, 2$0, PI. 29, figs, 
23-2 9j STAUFFER & PLUMMER, 1932, p. 45, PI. 4, figs. 
4, 21, 24-26; ELLISON, 1941, p. 134-135, PI. 22, 
figs. 31-36; ELLISON & GRAVES, 1941, PI. 3, figs.
20, 23; BRANSON & MEHL, in SHIMER & SHROCK, 1944, p. 
246, PI. 94, figs. 56-58; ELLISON in BRANSON, 1944, 
p i . 46, figs. 31-3 6; McLa u g h l i n, 1952, p. 619, p i . 
83, figs. 8-11; KOIKE, 1967, p. 304, PI. 2, figs. 
18-23; WEBSTER, 1969, p. 35-36, PI, 6, figs. 6-12; 
THOMPSON, 1970, p. 1046, PI.. 139, figs. 24, 28;
REID, 1968, p. 132, fig, 22, nos, 11-15; MICKLIN, 
1969, p. 154, fig. 18, nos. 4-7; MERRILL & KING, 
1971, P. 658, PI. 76, figs. 13-22,

Idlognathodus pustulate HARRIS & HOLLINGSWORTH, 1933, P. 
5057""PI. 1, fig. 11.
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Idlognathodus cunelfonals GUNNELL, 1933, P. 270, PI, 31, 

fig. 8,
Idlognathodus harkeyl GUNNELL, 1933, p. 2?0, PI, 31, fig. 11.
Idlognathodus slculus GUNNELL, 1933, P. 271, PI, 31, fig, 14,
Idlognathodus modulatus GUNNELL, 1933, P. 271, PI, 31, fig. 

15.
Idlognathodus sulclferus GUNNELL, 1933, P» 271, PI. 31, fig.

Idlognathodus olaratus GUNNELL, 1933, P. 271-272, PI. 31, 
fig. 19.

Idlognathodus ruldus GUNNELL, 1933, P. 272, PI. 31, fig. 25.
Idlognathodus spathodus GUNNELL, 1933, P. 273, PI. 31, 

fig. 2 K
Idlognathodus semlpapulatus GUNNELL, 1933, P. 273, PI. 31, 

figs, 29, 50.
Idlognathodus meglstus GUNNELL, 1933, P. 273, PI. 31, fig.

30.
Idlognathodus lanoeolatus GUNNELL, 1933, P. 273-274, PI. 31, 

figs. 31, 32.
Idlognathodus folium GUNNELL, 1933, p. 274, PI, 31, fig. 33.
Idlognathodus olcatrlcosus GUNNELL, 1933, P. 274, PI, 31, 

fig. 341
Idlognathodus wlntorsetensls GUNNELL, 1933, P» 274, PI, 31, 

figs. 36, 51.
Idlognathodus strlglllatus GUNNELL, 1933, P. 274-275, PI.

31, fig. 37.
Idlognathodus gemmlformls GUNNELL, 1933, p. 275, PI. 31, fig. 441
Idlognathodus vadosus GUNNELL, 1933. P. 275. PI. 31. fig.

Idlognathodus erodus GUNNELL, 1933, P. 275, PI. 31, fig. 48.
Idlognathodus fuslformls GUNNELL, 1933, P. 2?6, PI. 31, 

fig. 49.
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Idlognathodug cherryvalens1s GUNNELL, 1933, p. 277, PI. 32, 

fig. 5.
Idlognathodus corrugatus GUNNELL, 1933, P. 277, PI. 32, 

fig. 6 only.
Idlognathodus walterl GUNNELL, 1933, p. 277, PI. 32, fig. 9.
Idiognathodus warel GUNNELL, 1933, P. 279, PI. 32, figs. 

59-61.
Idlognathodus kansensls GUNNELL, 1933, P. 279, PI. 32, figs, 62-64,
Idlognathodus magnlflcus Stauffer & Plummer. ELLISON, 1941, 

p. 135-136, PI. 23, figs. 2, 3, 6, 9 (misprinted as 
figs. 2, 4, 7, 10); ELLISON & GRAVES, 1941, PI. 3, 
figs. 25-27; MCLAUGHLIN, 1952, p. 619, PI. 83, figs. 12-14.

Idlognathodus acutus ELLISON, 1941, p. 137, PI. 23, figs.
2i, 24 (misprinted as figs. 22, 2 5).

Idlognathodus of. I, magnlflcus Stauffer & Plummer. CLARKE, 
196o7 p. 25, PI. 5 , figs. 1-5.

Idlognathodus meekerensis MURRAY & CHRONIC, 1965, p. 601- 
6027"PI. 71, figs. 13-29.

Idlognathodus sp, LANE, 1967, p. 936, PI. 119, figs. 10, 11.
Description. This highly variable form has an 

elongate, slender to moderately wide platform which is 
posteriorly pointed and orally arched. The oral surface is 
ornamented by 2 to 12 straight to slightly sinuous parallel 
transverse ridges. Two accessory lobes are situated on the 
anterior margins of the platform. The inner lobe, generally 
well developed, nay have as many as ten nodes, while the 
outer lobe may have up to six, A straight blade joins the 
platform in a medial position and continues as much as 
three-fourths of the distance posteriorly as a fused carlna.
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Two longitudinal troughs flank the carlna, setting off the 
margins of the platform as free edges. The aboral cavity Is 
long, subsymmetrlcal, and pointed both anteriorly and pos
teriorly.

Discussion. The variability of this species has 
been well documented by many Investigators, and many named 
species have been put Into-synonomy. The Naco Hills speci
mens are highly variable In number of ridges, lobe develop
ment, and platform shape. Webster (1969, p. 36) places I. 
marenlflcus and Streptognathodus parvus Into synonomy with I. 
dellcatus. The Naco Hills specimens of those taxa, however, 
are morphologically distinct when compared with an I. dell
catus of similar size.

Occurrence. Ellison (1941, p. 135) reported 
Idlognathodus dellcatus ranging from Desmolnesian through 
Virgillan. Webster (1969) recovered this species from 
middle Morrowan through Derryan strata in Nevada. In the 
Naco Hills, specimens were found In samples 299 to 2?2 of 
Morrowan to Desmolnesian age. ;

Material studied. 166 specimens.
Repository. Figured hypotypes, UA 2122, UA 2123,

UA 2124.

Idlognathodus humerus Dunn 
Fig. 5, nos. 8, 9

Idlognathodus humerus DUNN, 1966, p. 1300, PI. 158, figs. 6, 
7j DUNN, 1970a, p. 333, PI. 63, figs. 1, 2, 9K.
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Idloftnathodus magnlflcus ELLISON & GRAVES, 1941, PI. 3» 

fig, 25 only,
Idlognathodus sp. LANE, 196?, PI, 119, fig, 10 only.

. Description. The exclusively left-handed platform 
is long, wide, and sharply pointed posteriorly. The Inner 
margin Is nearly straight; the outer margin curves inwardly 
from a point about one-third of the distance posterior of 
the anterior end of the platform. The platform Is ornamented 
with fine, parallel transverse ridges, generally at right 
angles to the outer margin. These ridges are sinuous on some 
specimens. The blade joins the platform in a medial posi
tion and continues as a low, fused, carlna, for one-third 
of the distance posteriorly. Several ridges or rows of nodes 
are subparallel to the carlna, and converge posteriorly. A 
long lobe, situated well anteriorly on the inner side of the 
platform, is ornamented with six to eight nodes.

Discussion. Dunn(1970a) found that this species 
. occurred in approximately equal numbers with I. slnuosls and 
believed these to be the right and left pair belonging to one 
conodont-bearing animal. Both species occur over the same 
range in the Naco Hills, JC. humerus differs from I, antiquus 
by having.a prominent shoulder on the outer anterior margin 
of the platform. It is exclusively left-sided, whereas _I, 
antiquus is right-sided. Webster (1969, p, 36) included I, 
humerus in his synonomy for I. delicatus.
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Occurrence. Dunn (1966, p. 1301i 1970a, p. 333) 

reported Idlop;nathodua humerus from Morrowan strata in Okla
homa, texas, and Nevada. In the Naco Hills, the species 
was recovered from samples 325 to 224 of Derryan to middle 
Desmolneslan age. This extends the range of the taxon. 

Material studied. 7 specimens.
Repository. Figured hypotypes, UA 212$, UA 2126.

Idlognathodus magnlficus Stauffer & Plummer 
Fig. 5i nos. 12-1$

Idiognathodus magnificus STAUFFER & PLUMMER. 1932. p. 46.
PTT4, figs. B,’ 18, 20* REID, 1968, p. 135. fig. 22, 
nos. 16-18} MIGKLIN, 1969, P. 156, fig. 18, nos. 8-11.

(non) Idiognathodus magnificus Stauffer & Plummer. ELLISON, 
19417 P . 135. PI. 23, figs. 2, 3, 6, 9 (misprinted 
as 2, 4, 7 » 10)«

Idiognathodus sp, cf, I, magnificus Stauffer & Plummer.
MURRAY & CHRONIC, 1965, p. 601, PI. 71, figs. 7-12; 
DUNN, 1970a, p. 334, PI. 63, fig. 19.
Description. The large platform is ornamented with

coarse to fine, sinuous, parallel transverse ridges. In
larger specimens, this ornamentation is sometimes worn away
in the anterior half of the platform. The. blade Joins the
platform in a medial position then terminates, or continues
posteriorly as a low, fused carina. The ornamentation of
the anterior end of the platform varies with the size of the
specimen. In smaller specimens it consists of irregular
ridges, two on each side of the carina, converging



posteriorly. Larger specimens retain a field of irregularly 
spaced nodes where the ridges are abraded. Accessory lobes, 
ornamented by as many as twelve nodes each, are situated on 
each side of the anterior end of the platform. The aboral 
cavity is large, occupying the entire area beneath the 
platform.

Discussion. Idlognathodus magnlflcus can be dis
tinguished from I. olavlformes by its pointed posterior 
extremity. The lobal development is much greater on speci
mens of I, magnlflous than on specimens of I, dellcatus.

Occurrence. Stauffer and Plummer (1932, p. 4?) 
named this species for specimens recovered from Desmolneslan 
to Missourian strata of Texas. Dunn (1970a, p, 334) re
ported the species from the Morrowan of Nevada, Held (1968, 
p. 136) and Mlcklln (1969, p. 157) reported it from middle 
Derryan to lower Missourian rocks of Arizona. In the Naco 
Hills, specimens were recovered from samples 317 to 237 of 
Derryan to Desmolneslan age.

Material studied. 87 specimens.
Repository. Figured hypotypes, UA 2129, UA 2130,

UA 2131, UA 2132.

Idlognathodus slnuosls Ellison & Graves 
Fig. 5* nos. 10, 11

Idlognathodus slnuosls ELLISON & GRAVES, 1941, p. 6, PI. 3, 
fig. 22, DUM, 1970a, p. 333-334, PI. 63, figs. 3,
4, Text-fig. 9L.

57
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Description. The platform Is long, moderately nar

row, pointed posteriorly, and flexed to the left approxi
mately one-half of the distance posteriorly. The surface is 
ornamented by subparallel transverse ridges which are 
sinuous and radiate from the inner side, A long, narrow 
lobe, ornamented by up to eight prominent nodes, is situated 
well forward on the inner margin. A smaller lobe may be 
located on the outer margin with one or two nodes. The 
blade joins the platform in a medial position and continues 
as a low fused oarlna for approximately one-third of the 
distance posteriorly. Two nodose ridges, separated from the 
carlna by deep troughs converge toward the carina poste
riorly. The aboral cavity is asymmetrical, long, moderately 
deep, and pointed both anteriorly and posteriorly.

Discussion. Dunn (1970a, p, 33^) remarked that this 
species occurred in approximately equal numbers as JE. 
humerus and may represent the right hand mate in one conodont 
apparatus. In the Naco Hills, both forms appear in approx
imately the same stratigraphic position but numbers of right 
and left specimens do not coincide.

Occurrence. Dunn (1970a, p, 334) reported Idlo- 
gnathodus slnuosls from Morrowan strata of Texas, Oklahoma, 
and Nevada, Ellison and Graves (1941) reported it from 
rocks of Morrowan to Derryan age of Texas, In the Naco 
Hills, the species occurred in samples 320 to 237 of Der
ryan to Desmoinesian age.
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Material studied. 21 specimens.
Repository. Figured hypotypes, UA 2127, UA 2128,

Genus IDIOGNATHOIDES Harris & Hollingsworth, 1933 
Type species. Idlognatholdes slnuatus Harris & 

Hollingsworth, 1933#

Idlognatholdes convexus (Ellison & Graves)
Fig. 5, no. 17

Polygnathodella convexa ELLISON & GRAVES, 1941, p, 9# PI. 3» 
figs. 10," ii, 1 6.

Cavusgnathus slnuata Harris & Hollingsworth. ELLISON & 
GRAVES, 1941, PI. 3, fig# 5 only.

Polygnathodella cf. P, convexa KOIKE, 1967, p. 308, PI, 3# 
figs. 1, 2.

Idiognatholdes convexus (Harris & Hollingsworth), WEBSTER, 
1969, P. 37, PI. 5, figs. 17, 18; DUNN, 1970a, p, 
334, PI. 63, fig. 20, Text-fig. HP.
Description. The platform Is moderately narrow and 

long, ornamented with parallel transverse ridges which 
appear convex posteriorly in an oral view. The "blade joins 
the platform on the right side and continues one-fourth of 
the way posteriorly as a moderately high parapet, A deep 
longitudinal groove is formed to the left of the blade, but 
is terminated by the first transverse ridge. The basal 
cavity is long with widely flaring edges, is pointed poste
riorly, and continues beneath the blade as a shallow groove.

Discussion. The platform of this species is 
consistently narrow, slightly convex in lateral view, and
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has arcuate transverse ribs (Dunn, 1970a, p. 33*0 • Both 
specimens recovered from Naco Hills samples compare favor
ably with figured specimens in Dunn (1970a) and Webster 
(1969).

Occurrence. Dunn (1970a, p. 334) reported this 
species from Morrowan strata of Utah and Nevada, Webster 
(1969, p. 37) also reported it from the Morrowan of Nevada. 
In the Naoo Hills, Idlognatholdes convexus was recovered 
from samples 297 and 310 of Morrowan age.

Material studied, 2 specimens.
Repository. Figured hypotype, UA 2134.

IdlORnatholdes corrugatus (Harris & Hollingsworth)
Fig. 6, nos. 1, 2

Idlognathodus corrugatus HARRIS & HOLLINGSWORTH, 1933, P. 
202, PI. 1, figs. ?, 8.

Polygnathodella ouachltaensls HARLT0N, 1933, P. 15, PI. 4,
fig. 14; ELLISON & GRAVES, 1941, p. 10, PI. 3, figs. 
8, 9 j KOIKE, 1967, P. 309, PI. 3, figs. 3, 5.

Polygnathodella attenuate ELLISON & GRAVES, 1941, p, 8, PI. 
3, figs. 11, 13-15.

Polygnathodella fossata BRANSON & MEHL, 1941a, p, 103, PI.
19, figs."27, 28.

Polygnathodella tenuis CLARKE, i960, p. 28. PI. 5. figs.
12, 13.

Polygnathodella s p p . CLARKE, i960, p. 28, PI. 5, figs. 11,

Idlognatholdes corrugata (Harris & Hollingsworth). LANE, 
1967, P. 939, PI. 122, figs. 1, 2, 4-7, 9-11; 
MICKLIN, 1969, p. 160, fig. 18, no. 3.
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IdlORnatholdea convexa (Ellison & Graves), HIGGINS & 

BOUCKAEHT, 1958, PI. 4, fig. 3.
Idlognatholdes corrugatus (Harris & Hollingsworth). DUNN, 

1970a, p. 335, PI. 63, figs. 16-18, 25.
Description. The platform Is ornamented by fine 

parallel transverse ridges extending from margin to margin. 
The ridges are generally straight but may be slightly sinu
ous toward the posterior end. The blade joins the platform 
on the right side and continues as a short sinuous parapet 
from one-fourth to one-third of the distance posteriorly.
A shallow trough is present to the left of the blade and 
continues posteriorly as a depression on the transverse 
ridge ornamentation. The platform Is generally widest 
approximately one-third of the distance posteriorly and is 
flexed to the left and In an oral direction. The basal 
cavity is deep with flaring edges. Is posteriorly pointed, 
and continues beneath the blade as a narrow groove,

Discussion. I. convexus is most like I, corrugates 
in form but is consistently more narrow. The transverse 
ridge ornamentation on I, corrugates also is distinctive as 
it is generally flat or depressed rather than convex orally. 

In the Naco Hills fauna, this species and I, slnuatus 
occur in approximately equal numbers over the same strati
graphic range. The two, one right-sided and the other 
left-sided, may represent a pair of elements from one 
conodont-bearlng animal.
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Occurrence. Idlognatholdes corrugatua has "been 

reported from the Lower Pennsylvanian of Europe (Clarke, 
1960s Higgins and Bouckaert, 1968), Japan (Koike, 1967), 
and throughout North America (Dunn, 1970aj Lane, 1967). 
Ellison and Graves (1941, p. 8) reported the species from 
Derryan strata, Mlcklin (1969, p. 161) recovered It from 
one bed of Derryan age In the Dragoon Mountains. In the 
Naco Hills, the species occurred In samples 297 through 
320 of Morrowan to early Derryan age.

Material studied. 14 specimens.
Repository. Figured hypotypes, UA 2135, UA 2136.

Idlognatholdes slnuatus Harris & Hollingsworth
Fig, 5 , no. 16

Idlognatholdes slnuata HARRIS & HOLLINGSWORTH, 1933, p. 201, 
PI. 1, fig, l4s LANE, 1967, p. 932, PI. 119, figs. 
1-9, 12-15s PI. 123, figs. 7, 8 , 12; HIGGINS & 
BOUCKAERT, I968, p. 40, PI. 2, fig. l4» PI. 4, figs. 
5, 8, 9s PI. 5, fig. 11.

Gnathodus oplmus WEBSTER, 1969, PI. 5, fig. 20 only.
Idlognatholdes sinuatus Harris & Hollingsworth. DUNN,

i970a, p. 335, PI. 63, figs. 14, 15, 21-23, Text- 
fig. HE.
Description. The platform is narrow and long, 

ornamented by coarse parallel transverse ridges which slope 
posteriorly and trend anteriorly on the inner side. The 
blade joins the platform on the left side and continues 
posteriorly as a moderately high parapet. A longitudinal 
groove is present to the right of the parapet but ends, as
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does the parapet, approximately one-third of the way pos
teriorly, The platform is bowed to the right and arched 
orally. The aboral cavity is long with flaring edges, 
pointed posteriorly, and continues beneath the blade as a 
shallow groove.

Discussion. This species is distinguished from 
other species of Idlognatholdes by being exclusively left- 
handed, (See discussion under I, corrugatus.)

Occurrence. Dunn (1970a, p, 335) reported the 
species from Morrowan strata of Texas, Utah, Oklahoma, and 
Nevada. Higgins and Bouckaert (1968) reported I, slnuatus 
from strata of Lower Pennsylvanian age from Belgium. In the 
Naco Hills, the species was recovered from samples 297 to 
317» Morrowan to early Derryan.

Material studied. 8 specimens.
Repository. Figured hypotype, UA 2133.

Genus LONCHODINA Bassler, 1925
Type species. Lonchodlna typlcalls Ulrich & Bassler,

1925.

Lonchodlna sp. A 
Fig. 6, no. 7

Description. The anterior bar is arched gently in
wardly and orally. None of the specimens has a complete 
apical denticle, but it appears to have been high, slightly
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compressed laterally, and curved Inwardly. The posterior 
bar has four to five denticles and is sharply recurved in
wardly, The apical cavity is deep, wide and pointed anteri
orly, posteriorly, and inwardly.

Discussion. This was the only species of Lonchodlna 
found in the upper part of the section. Its short strati
graphic range may prove to be of some importance in later 
studies of Pennsylvanian conodonts.

Occurrence. Lonchodlna sp, A occurred in samples 
264 through 279# Desmoinesian, in the Naco Hills,

Material studied. 5 specimens.
Repository. Figured specimen, UA 2141.

Genus NEOGNATHODUS Dunn, 1970 
Type species. Polygnathus basslerl Harris & Hol

lingsworth, 1933#

Heognathodus basslerl (Harris & Hollingsworth)
Fig. 6, nos, 3, 4

Polygnathus basslerl HARRIS & HOLLINGSWORTH, 1933, P. 198, 
PI. 1, fig. 13.

Polygnathus wapanuokens1s BARLTON, 1933, P. 15, PI. 4, fig. 
13.

Gnathodus wapanuckensls (Harlton), ELLISON & GRAVES, 1941, 
PI. 2, figs, 13-17; KOIKE, 1967, p. 300, PI. 1, figs. 22-25.

Streptognathodus wapanuckensls (Harlton). ELIAS, 1956, p, 
120, PI. 3, figs. 67-69; MARKS & WENSINK, 1970, p. 
270-271, PI. 3, fig. 17.
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Gnathodus basslerl (Harris & Hollingsworth), LANE, 1967, p.

934, pi. 120, figs. 1-5 , 9-15, 17l PI. 121, figs. 6, 
9l PI. 123, figs. I-61 REID, 1968, p. 125-128, fig. 
21, nos. 10-13, 15-18; MICKLIN, 1969, p. 146-148, 
fig. 19, nos. 1, 2, 5-8; WEBSTER, 1969, p. 29-30,
PI. 5* figs. 9, 14, 15.

Neognathodus basslerl (Harris & Hollingsworth). DUNN, 1970a, 
p. 336, Pi. 64, figs. 1, 12-14, Text-fig. 9F; MER
RILL & KING, 1971, P. 659, PI. 76, figs. 11, 12.
Description. This form is moderately short with a 

long, free blade which joins the platform in a medial posi
tion and continues posteriorly as a low carina. The carina 
is formed by fused nodes anteriorly and discreet nodes pos
teriorly and is situated close to and parallel with the outer 
margin. The margins of the platforms are upturned to form 
parapets. The parapets are ornamented with nodes or paral
lel transverse ridges which become obsolete in the troughs 
on either side of the carina. The inner margin is generally 
elevated above the carina and may extend inwardly in a 
broad arc increasing the asymmetry. The aboral cavity is 
large, deep, and asymmetrical, being deepest in the anterior 
one-third. The cavity is pointed posteriorly and may con
tinue beneath the blade as a narrow groove.

Discussion. Some authors (Lane, 1967; Reid, 1968; 
Micklin, 1969i Merrill & King, 1971) have stated that the 
species should be subdivided into the two subspecies, N, 
basslerl basslerl and N. basslerl symmetrlcus, on the basis 
of symmetry in the oral view. Webster (1969, p. 2 9) and 
Dunn (1970a, p, 336), however, consider the forms to be
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within the range of Intraspeclflc variability. Both forms 
occur together In the Naoo Hills with specimens which ap
pear to be transitional. The subspecies designations will 
not, therefore, be used In this study.

Occurrence. Neognathodua basslerl has been reported 
from Morrowan through Derryan rooks of much of the Midcon
tinent and Southwest. Held (1968, p. 127, 128) and Mleklln 
(1969; p. 147, 148) recovered this species from strata of 
Derryan to early Vlrgillan age. In the Naco Hills, N. bas
slerl occurred in samples 295 to 224 of early Morrowan to 
Desmolneslan age.

Material studied. 38 specimens.
Repository. Figured hypotypes, UA 2137, UA 2138,

Neognathodus roundyl (Gunnell)
Fig. 6, nos. 5» 6

Gnathodus roundyl GUNNELL. 1931, P. 249, PI. 29, figs. 19, 
50; STAUFFER & PLUMMER, 1932, p. 4l; ELLISON, 1941, 
p. 138, PI. 23, figs. 23, 25-28? MURRAY & CHRONIC, 
1965, P. 598, PI. 71, figs. 1-6; REID, 1968, p. 128, 
fig. 22, nos. 1-5.

(non) Gnathodus roundyl Gunnell. MICKLIN, 1969, p. 149, fig. 
19, nos. 3, 4.

Neognathodus roundyl (Gunnell), DUNN, 1970a, p. 336-337,
PI. 64, figs. 2-4, Text-fig. 9M? MERRILL & KING, 
1971, P. 657, PI. 76, figs. 2-4.
Description. The platform Is narrow, moderately

short, and generally sharply pointed posteriorly. A long
blade joins the platform In a medial position and continues
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to the posterior end as a prominent fused carlna, A nodose 
parapet extends from the anterior end to the posterior end 
on the Inner side. On the outer side, however, there Is a 
short row of one to five nodes which extends up to two- 
thirds of the distance posteriorly. Deep longitudinal 
troughs separate the parapets from the central carlna. The 
aboral cavity Is long and subsymmetrical, has widely flaring 
edges, and is pointed anteriorly and posteriorly.

Discussion. The reduction of the outer platform 
margin distinguishes N. roundyl from N. baaslerl.

Occurrence. Neognathodus roundyl has been reported 
from the Desmolneslan of Missouri and Kansas (Ellison, 19^1), 
the Middle to Late Pennsylvanian of Texas (Stauffer and Plum
mer, 1932), and the Middle Pennsylvanian of Arizona (Reid, 
1968, p. 129; Micklin, 1969, p. 150). Dunn (1970a, p. 337) 
recovered specimens from the Morrowan of Nevada. In the 
Naco Hills, the species occurred in samples 325 to 265, 
Derryan to Missourian.

Material studied. 40 specimens.
Repository. Figured hypotypes, UA 2139, UA 2140,

Genus OZABKODINA Branson & Mehl, 1933 
Type species. Ozarkodlna typlca Branson & Mehl,

1933.
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Ozarkodlna campbelll Youngqulst & Heezen 

Fig, 6, nos. 8, 9
Ozarkodlna campbelll YOUNGQUIST & HEEZEN, 1948, p. 771, PI.

118, fig. It WEBSTER, 1969, p. 4l, PI. 7, fig. 9. .
Description. The blade is generally twice as high 

on the anterior limb as it Is posteriorly. There are five 
to seven unequal denticles both anterior and posterior of 
the apical denticle. The apical denticle is generally much 
higher, sharply pointed, and reclined posteriorly, A lon
gitudinal thickening of the anterior limb appears at mid- 
height, but does not continue on the posterior limb. A 
narrow aboral cavity is situated directly beneath the apical 
denticle, with extensions which continue beneath the limbs 
as narrow grooves. The edges of the cavity show little 
flaring.

Discussion. This species is distinguished from 0, 
dellcatula by its high apical denticle and the variable 
size of the denticles. The anterior blade is always higher 
than the posterior blade.

Occurrence. Webster (in Lane and others, 1971, Fig
ure 3) reported the occurrence of Ozarkodlna campbelll from 
middle Morrowan through middle Virgilian in the southwestern 
United States. In the Naco Hills, the species occurred in 
samples 299 to 279, Morrowan to late Missourian.

Material studied. 30 specimens.
Repository. Figured hypotypes, UA 2142, UA 2143,
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Ozarkodlna dellcatula (Stauffer & Plummer)

Fig. 6, nos. 10, 11
Bryantodus dellcatula STAUFFER & PLUMMER, 1932, p, 29, PI.

27 fig. 2?.
Bryantodus nasutus STAUFFER & PLUMMER, 1932, p. 29, PI. 2, 

fig. 2 8.
Bryantodus sulcatus STAUFFER & PLUMMER, 1932, p. 30, PI. 2, 

figs. It, 14, 30.
Bryantodus dellcatus GUNNELL, 1933. P. 26?, PI. 32, fig. 43.
(non) Bryantodus dellcatus BRANSON & MEHL, 1933, P« 220, PI. 

16, fig. 19.
Bryantodus rugosus GUNNELL. 1933, P. 268, PI. 32, fig. 44. 
Bryantodus strlgatus GUNNELL, 1933, P. 268, PI. 32, fig. 45.
Bryantodus striKlllatus GUNNELL, 1933. o. 268. PI. 32. fig.55.
Ozarkodlna dellcatula (Stauffer & Plummer), ELLISON, 1941, 

p. 120, PI. 20, figs. 40-42, 4?i ELLISON & GRAVES, 
1941, p. 3-4, PI. 1, figs. 12-14i YOUNGQUIST &
HEEZEN, 1948, p. 771-772, PI. 118, fig. 6; YOUNG
QUIST & DOWNS, 1949, p. 168-169, PI. 30, figs. 1, 3, 
7, 11; BISCHOFF, 1957, P. 39, PI. 1, figs. 25-28} 
FLUGEL & ZIEGLER, 1957, P. 45, PI. 5, fig. 2} HIG
GINS, 1961, PI. xli, fig. 13; REXROAD & BURTON,
1961, p. 1156, PI. 141, fig. 12} MURRAY & CHRONIC, 
1965, P. 605, PI. 72, figs. 26, 2 7; DUNN, 1965, p. 
1149, PI. 140, fig. 1 8} GLOBENSKY, 1967, p. 446, PI.
56, fig. 19; HIGGINS & BOUCKAERT, 1968, p. 45, PI.
3, fig. 3; REID, 1968, p. 160, fig. 25, nos. 7, 8 } 
RHODES, AND OTHERS, 1969, p. 170, PI. 25, figs. 15, 
19; WEBSTER, 1969, P. 42-43, PI. 7, fig. 11; DUNN, 
1970a, p. 337-338, PI. 62, fig. 31.
Description. The blade is long, thin, arched orally,

and has limbs of subequal length. Each limb has twelve or
more laterally compressed, subequal, denticles which are
fused to approximately one-half of their height. Those
denticles on the anterior limb are reclined posteriorly,
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as is the apical denticle. Those on the posterior limb are 
generally at right angles to the blade. The apical denticle 
is sharply pointed and approximately twice the height of the 
other denticles. The aboral edge is thin with a long, nar
row, deep cavity which extends as a narrow groove beneath 
both limbs,

Discussion. Ozarkodlna delleatula is unique in hav
ing long anterior and posterior blades with numerous sub
equal denticles on both blades,

Occurrence. This species has been reported by 
numerous investigators from strata of Upper Misslsslpplan to 
Upper Pennsylvanian age. Held (1968, p, l6l) reported the 
species from Desmoineslan through Early Permian strata. In 
the Naoo Hills, 0. dellcatula was recovered from samples 
295 to 409t lower Morrowan to Late Pennsylvanian,

Material studied. 48 specimens.
Repository. Figured hypotypes, UA 2144, UA 2145.

Genus POLYGNATHUS Hlnde, 1879 
Type species. Polygnathus dubla Hlnde, 1879.

Polygnathus communis Branson & Mehl 
Fig. 6, nos, 12, 13

Polygnathus communis BRANSON & MEHL, 1933, P. 293, PI. 24, 
figs. 1-4i BRANSON, 1933, p. 308, PI. 25, figs. 5,
6* BRANSON & MEHL, 1938, p. 145, PI. 34, figs. 39- 
4li COOPER, 1939, P. 399, PI. 39, figs. 1, 2, 9, 10, 
23, 24i MEHL & THOMAS, 194?, p. 15, PI. 1, fig. 37; 
YOUNGQUIST & PATTERSON, 1949, p. 62, PI. 15, figs.
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7, 8 1 YOUNGQUIST & DOWNS, 1951, P. 787, PI. HI, 
figs. 4, 5, 19, 20i HASS, 1951, P. 2538-2539, PI. 1, 
fig. 10; FAY, 1952, p. 1511 HASS, 1956, p. 25, PI.
2, figs. 2-5; BISCHOFF & ZIEGLER, 1956, p. 156-157, 
PI. 12, figs. 1-3; FLUGEL & ZIEGLER, 1957, P. 46, PI. 
2, fig. 15; HASS, 1959, p. 390, PI, 49, figs. 9-11, 
13; HELMS, 1959, P. 664; VOCES, 1959, p. 288-290,
PI. 34, figs. 1-7; SERRE & LYS, i960, pt. 6, p. 39; 
SCOTT & COLLINSON, 1961, p. 130, PI. 1, figs. 6-10; 
PI. 2, fig. 30; BEACH, 1961, p. 49, PI. 6, figs. 1- 
4; DVORAK & FREYER, 1961, p. 88$, 886, 888, 889, PI.
1, figs. 15, 16; COLLINSON & OTHERS, 1962, p. 14,
19; ZIEGLER, 1962, p. 87, 88; VAN DEM BOOGAARD,
1963, p. 253; REXROAD & SCOTT, 1964, p. 33-34, PI.
2, figs. I?, 18; ETHINGTON, 1965, P. 581, PI. 67, 
fig. 7t KLAPPER, 1966, p. 21, PI. 6, figs. 6, 11; 
ANDERSON, 1969, p. 923, PI. 109, figs. 10, 11, 13,14, 22, 24; MARKS & WENSINK, 1970, p, 268, PI. 1, 
fig. 16.

Polygnathus communis communis Branson & Mehl. REXROAD & 
SCOTT, 1964, p. 33, PI. 2, figs. 17, 18; BOOGAERT, 
1967, p. 183, PI. 2, fig. 37; RHODES, AND OTHERS, 
1969, P. 182, PI. 12, figs. 2-5; NOBBY, 1971, p.
107, PI. I, fig. 8.

(non) Polygnathus communis Branson & Mehl. BISCHOFF, 1957, 
p. 42, PI. 2, figs. 23-27.
Description. The platform is lanceolate, and point

ed posteriorly. A free blade of up to sixteen denticles 
joins the platform in a medial position and continues to the 
posterior end as a low, laterally compressed carlna with 
little ornamentation. The narrow, nearly symmetrical plat
form may have faint transverse parallel ridges terminating 
in the troughs flanking the carlna. In a lateral view the 
platform is arched orally with the apex of the arch one- 
third of the distance from the anterior end, A shallow, 
laterally pinched aboral cavity is situated anterior of the
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apex of the arch. This continues anteriorly as a narrow 
groove and posteriorly as a sharp keel.

Discussion, This species Is the least ornamented of 
all the known polygnathid forms. Subspecies have been named 
and have proven valuable In stratigraphic zonation (Thompson 
and Fellows, 1969, p. 92). Little Intraspecific variation 
was noted, however, among the Naco Hills specimens.

Occurrence. Polygnathus communis Is found world 
wide in rocks of Late Devonian to early Osagean, It was re
ported by Ethlngton (1965, p. 581) from rocks of Late Devon
ian age in Arizona and New Mexico. The species was 
recovered from samples 99 to 128, late Klnderhooklan to 
middle Osagean, in the Naco Hills.

Material studied. 62 specimens.
Repository. Figured hypotypes, UA 2146, UA 2147,

Polygnathus longlpostlcus Branson & Mehl 
Fig. 6, nos, 14, 15

Polygnathus longlpostlca BRANSON & MEHL, 1933, P. 294, PI.
547 figs. 6-11, 13: BRANSON, 1934, p. 311. PI. 25, fig, 18; BRANSON, 1944, PI. 32, fig. 53; YOUNGQUIST 
& PATTERSON, 1949, p. 65, PI. 15, figs. 16-20; REX- 
ROAD & SCOTT, 1964, p. 36, PI. 2 , fig. 26; KLAPPER, 
1966, p. 20, PI. 4, figs. 1, 5; B00GAERT, 196?, P. 
184, PI. 3, figs. 3, 4; CANIS, 1968, p. 545, PI. 72, 
fig. 26; STRAKA, 1968, p. 32, PI. 1, figs. 1-3, 10, 
14, 15, 18; PI. 2, figs. 1-3, 6, 7 .

Polygnathus lanceolata BRANSON, 1933, P. 313, PI. 25, fig. 
21; YOUNGQUIST & PATTERSON, 1949, p. 64, PI. 16, 
fig. 16.
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Polygnathus scapha HUDDLE, 1934, p. 102, PI, 8, figs. 33-35t 

Text-fig. 3, fig. 2j COOPER (part), 1939, p. 403, PI. 
40, figs. 17, 18, 28, 29 only.

(non) Polygnathus lancePlata Branson, BRANSON & MEHL, 1938, 
p. 146, PI. 34, fig. 42.

(non) Polygnathus longlpostlca Branson & Mehl. COOPER, 1939, 
p. 401, PI. 39, figs. 31, 32, 43, 44, YOUNGQUIST & 
MILLER, 1949, P. 448, PI. 68, fig. 12.

Polygnathus ortha COOPER, 1939, P. 401, PI. 39, figs. 3, 4.
Polygnathus permarglnata Branson, COOPER, 1939, P« 402, PI, 

4o7 figs. 61, 62.
Polygnathus subserrata Branson & Mehl, COOPER (part), 1939, 

p. 404, Pi. 39, figs. 51, 52, 65, 66, 75, 76, PI.
40, figs. 9, 10, 42, 43 only.

Polygnathus toxophora COOPER, 1939, p. 404, PI. 39, figs.677 70.
Polygnathus adunoa YOUNGQUIST & PATTERSON, 1949, p. 60, PI. 

T57 figs. 18, 19.
Polygnathus cunulae YOUNGQUIST & PATTERSON, 1949, P. 62, PI. 

15, figs. 11-13,
Polygnathus cynblformls YOUNGQUIST & PATTERSON, 1949, P. 62, 

PI. 17, figs. 14, 15.
Polygnathus inoplnata YOUNGQUIST & PATTERSON, 1949, P. 64,

PI. 16, figs. 20, 21.
Polygnathus of. P. subserrata Branson & Mehl. YOUNGQUIST & 

PATTERSON, 1949, P. 6?, PI. 17, fig. 10.
Polygnathus subtortllis YOUNGQUIST & PATTERSON, 1949, P. 67, 

FIT 17, fig. 3.
Polygnathus anida Cooper. THOMAS, 1949. P. 436, PI. 3, figs. 

10, iz;
Polygnathus aff, P, symmetrica Branson. YOUNGQUIST & DOWNS, 

1931, p. ?89, PI, 111, fig. 6.
Polygnathus longlpostlcus Branson & Mehl. THOMPSON & FEL- 

LOWS,1969, p. 95, PI. 4 , figs. 4, 16, 19; ANDERSON,
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1969, p. 923, PI. 107, figs. 1, 5, 8, 12* NOBBY,
1971. p. 110, PI. I, fig. 7 .
Description. The platform is long, narrow, and 

sharply pointed posteriorly. A high, straight carlna pro
trudes posteriorly beyond the end of the platform. The plat
form is ornamented with elongate transverse ridges which are 
obsolete in the deep troughs flanking the carlna.

Discussion. The protrusion of the carlna beyond the 
posterior end of the platform is diagnostic of this species. 
The platform is more highly ornamented than Polygnathus com
munis.

Occurrence, Thompson and Fellows (1969, Table 1) 
show the range of Polygnathus longlpostlcus to be from lower 
through middle Kinderhookian. Other investigators (Anderson, 
1969? Blschoff, 1957) have reported the species from strata 
ranging in age from Late Devonian through Middle Misslssip- 
pian. In the Naco Hills, the species was recovered from 
sample 103 of late Kinderhookian age.

Material studied. 5 specimens.
Repository. Figured hypotypes, UA 2148, UA 2149.

Genus PSEUDOPOLYGNATHUS Branson & Mehl, 1934
Type species. Pseudopolygnathus prlma Branson & 

Mehl, 1934.

Pseudopolygnathus primus Branson & Mehl
Fig. 6, no, 17



75
Pseudopolygnathus prlma BRANSON & MEHL, 1933, P* 298, PI.

2k, figs. 2k, 251 BRANSON, 19#, PI. 32, figs. 4?,
48I THOMAS, 1949, p. 437t PI. 4 , fig. 1 7t HASS,
1951, P. 2538, PI. 1, fig. H i  HASS, 1956b, p. 25,
PI. 2, fig. 24; CLOUD, BARNES, & HASS, 1957. P. 813, 
PI. 5, fig. 10; HASS, 1959, PI. fig. 27; KLAPPER, 1966, p. 14, PI. 4, fig. 8; CANIS, 1968, p. 547, PI. 
73, figs. 12, 17, 32.

Pseudopolygnathus follacea BRANSON, 1934, p. 316, PI. 26, 
figs. 27, 28; BRANSON, 1944, PI. 32, figs. 23, 24.

Pseudopolygnathus irregularis BRANSON, 1934, p. 316, PI. 26, 
figs. 25, 26; COOPER', 1939, P. 408, PI. 40, figs. 21, 
22, 35, 36; YOUNGQUIST & PATTERSON, 1949, p. 68, PI. 
16, figs. 1-3; BISCHOFF, 1957, p. 51, PI. 6, figs.12, 13.

Pseudopolygnathus corrugata BRANSON, 1934, p. 317, PI. 26, 
fig. 23; BRAkSON, 1944, PI. 32, fig. 22.

Pseudopolygnathus oostata BRANSON, 1934, p. 317, PI. 26, fig. 
21; BRANSON",' 1944, PI. 32, fig. 18.

Pseudopolygnathus dlstorta BRANSON, 1934, p. 318, PI. 26, 
figs, 16, 17; COOPER, 1939, P. 407, PI. 40, figs.
49, 50.

Ps eudopolygnathus sulcifera BRANSON, 1934, p. 319, PI. 26, 
fig. 15.

Pseudopolygnathus asymmetrlca BRANSON, 1934. p, 320, PI. 26, 
fig. 12.

Ps eudopolygnathus inequlcostata BRANSON, 1934, p. 321, PI.
SoV fig. 6.

Pseudopolygnathus crenulata Branson, COOPER, 1939, p. 407, 
piT 4o, figs. 25-27.

Pseudopolygnathus apetodus COOPER, 1939, P* 406, PI. 40, 
figs. 63-67.

Pseudopolygnathus exotyla COOPER, 1939. p. 408. PI. 42, figs. 
&3, 24.

Pseudopolygnathus aurlta YOUNGQUIST & PATTERSON, 1949, P.
67, PI. 16, figs. 5, 6.



Pseudopolyffiiathus carlnata YOUNGQUIST & PATTERSON, 19^9» P. 
58, PI, 16, fig, 4.

Pseudopolygnathus constr1ctitermlnata THOMAS, 1949. P. 428, 
PI. 4, fig. 16.

Pseudopolygnathus of. P. asymmetrloa Branson. THOMAS, 1949, 
p. 436, PI. 3, flg.42.

Pseudopolygnathus primus Branson & Mehl, THOMPSON & FELLOWS, 
1969, p. 101-102, PI. 5, figs. 15, 16, 18, 19i 
RHODES, AUSTIN, & DRUCE, 1969, p. 214-216, PI. 6,

. figs. 4, 5, 7, 10-12j RHODES & AUSTIN, 1971, PI. 1, 
fig. 2.
Description. The oral surface of the large platform 

is ornamented by large elongate nodes which are transverse 
to the longitudinal axis. On one side of the high carina 
the nodes are attached $ on the other side, a deep sulcus sep
arates from the fused carina two of the nodes present. The 
basal pit is large, subcircular, and thick-lipped, with a 
thin groove extending posteriorly.

Discussion. This fragmental specimen is similar to 
illustrations of P, primus. The coarse ornamentation is In
dicative of the species (Thompson.and Fellows, 1969, p. 101).

Occurrence. Thompson and Fellows (1969) reported 
this species from early to middle Kinderhookian strata of 
Missouri, It has been reported by various investigators 
from rocks of the same age in Europe, In the Naco Hills, 
one fragment was recovered from sample 99, late Kinderhook
ian.

Material studied. 1 fragmental specimen.
Repository. Figured hypotype, UA 2151.

76
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Pseudopolygnathus trlangulus plnnatus Voges 

Fig. 6, no. 16
Pseudopolygnathus trlangula plnnata VOCES, 1959* p. 302, PI.

34-7 fig. 59-661 PI. 35, figs. 1-6; HIGGINS AND OTH
ERS, 1964, PI. 4, fig. 16; BOOGAERT, 1967, p. 185, 
PI. 3, figs. 9, 10; THOMPSON & FELLOWS, 1969, p.
102, PI. 6, figs. 6, 11, 12; MARKS & WENSINK, 1970, 
p. 269, PI. 4, fig. 11.

Pseudopolygnathus trlangula Voges. REXROAD & SCOTT, 1964, 
p.4£, PI. 2, fig. 28; THOMPSON, 196?, p. 49, PI.
4, figs. 17, 18.
Description. The large platform is subtriangular 

with an anterior-lateral process extending forward from the 
inner side. The oral surface of the platform is nearly 
planar in the posterior two-thirds with low, nodose, trans
verse ridges along the outer periphery. The anterior one- 
third has coarse transverse ridges which diminish towards 
the carina, A secondary carina extends along the lateral 
process terminating the coarse ridges. The central carina 
is fused along the anterior one-half, has discreet denticles 
posteriorly, and is slightly sinuous. A thin-lipped circu
lar basal pit is pointed both anteriorly and posteriorly, 
and extends in both directions as sharp, discreet, keels.

Discussion. This species is distinctive with its 
anterior-lateral process and its wide planar platform. P. 
trlangulus trlangulus lacks the process, having instead a 
subtriangular platform. Three stratigraphically distinct 
subspecies of P. trlangulus have been recognized by Voges 
(1959)• P. trlangulus plnnatus is the uppermost.
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Occurrence, Meischner (1970, Figure 2) shows the 

range of P, trlangulus plnnatus to be through upper Tour- 
naisean into Vlsean of Germany, Thompson and Fellows col
lected the species from Middle Osagean strata. In the Naco 
Hills, the species occurs in sample 102, late Klnderhooklan, 

Material studied, 1 specimen.
Repository, Figured hypotype, UA 2150,

Genus RHACHISTOGNATHUS Dunn, 1966 
Type species. Rhachlstognathus prlma Dunn, 1966.

Rhaohlstognathus primus Dunn 
Fig. 7, no. 5

Rhaohlstognathus prlma DUNN, 1966, p, 1301, PI. 157, figs.
1, 2.

Rhaohlstognathus primus DUNN, 1970a, p, 338, PI. 63, figs, 
26, 27, Text-fig. 11D.
Description. A stout blade expands laterally to be

come a narrow platform; the sharp crest of the blade contin
ues posteriorly on the inner side of the platform. The 
narrow inner margin of the platform is ornamented by one 
large double node, situated one-half of the distance poste
riorly from the blade-platform juncture. The outer margin 
has four large, tooth-like nodes; the most posterior one is 
directly across the carina from the inner node. The carina 
is fused for its entire length, is sharp, and extends to the 
posterior extremity of the specimen. The aboral cavity is 
long and moderately narrow, with its widest part one-third
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of the distance posteriorly. The pointed ends continue 
under the blade and to the posterior end as slightly 
flaring grooves,

Discussion. Webster (1969, p. 33) considered R. 
primus assignable to the genus Gnathodus. He recombined 
Rhachlstognathus primus, Cavusgnathus murlcata, and C, trans- 
itorla into the species Gnathodus murlcatus (Dunn). The 
original species assignment will be used in this study.
One specimen of this species was recovered from the Naco 
Hills, and it most resembles Dunn's figured holotype,

Occurrence. Dunn (1966, p, 13021 1970a, p. 338-339) 
reported the species from Morrowan rocks of Nevada and 
Oklahoma. In the Naco Hills, the species was recovered from 
sample 29$, Morrowan,

Material studied, 1 specimen.
Repository. Figured hypotype, UA 2156,

Genus SPATHOGNATHODUS Branson & Mehl, 1941 
Type species. Ctenognathus murchisonl Pander, 1856,

Spathognathodus coloradoensls (Murray & Chronic)
Fig, 7, no. 7

Spathognathodus coloradoensls MURRAY & CHRONIC, 1965, p.
606-607, PI. 72, figs. 11-13; KOIKE, 1967, p. 310,
PI. 3. figs. 23, 24; REID, 1968, p. 168, fig. 2$, 
nos. 17-19; WEBSTER, 1969, p. 44, PI. 7, fig. 7; 
MICKLIN, 1969, p. 188, fig. 21, nos. 6, 7.
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Description. The blade Is small, straight, and com

posed of four to seven high, ereot, posterior denticles.
Ten to twelve depressed denticles are present anteriorly.
The anterior denticles are low, partially fused, and recline 
anteriorly. The first posterior denticle rises abruptly 
above the low anterior carina. A widely flaring basal cav
ity is confined to the anterior one-half of the blade. The 
cavity is pointed posteriorly and rounded anteriorly.

Discussion. This minute form is distinct among the 
spathognathodids. Murray and Chronic (1965) noted that the 
anterior denticles were broken on their figured specimen and 
may have been as long as the posterior denticles. Many of 
the Naco Hills' specimens are Intact, however, and none of 
the anterior denticles attain the height of those on the 
blade.

Occurrence. Murray and Chronic (1965) reported this 
species from the Desmolnesian of Colorado, Webster (1969, 
p. 44) reported specimens from Derryan strata of Nevada, 
Webster (in Lane and others, 1971, p. 406) stated that 
Spathognathodus coloradoensls may be an index species for the 
Middle Pennsylvanian of the Great Basin, In the Naco Hills, 
the species was recovered from samples 525 to 249, Derryan 
to Desmolnesian.

Material studied. 34 specimens,
Repository. Figured hypotype, UA 2158.
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Spathognathodus orlstulus Youngqulst & Miller

Fig. 7, no. 6
Spathognathodus crlstula YOUNGQUIST & MILLER, 1949, P. 621, 

PI. 101, figs. 1-3* REXROAD & NICOLL, 1965, p. 26,
PI. 1, figs. 1, 2* GLOBENSKY, 196?, p. 44?, PI. 57, 
figs. 15, 16* RHODES AMD OTHERS, 1969, P. 227, PI.
8, figs. 14-18; REID, 1969, p. 166, fig. 25, nos. 20, 
21* MICKLIN, 1969, p. 189, fig. 21, no. 11.

Spathognathodus mlnutus (Ellison). KOIKE, 1967* PI. 3, fig.— gp.

Spathognathodus orlstulus Youngqulst & Miller. DUNN, 1970a, 
p. 339, PI. 64, fig. 30* NORBY, 1971, P. 124, PI.
VII, fig. 10.
Description. The moderately small blade is composed 

of five to eight high, pointed denticles, decreasing in 
height posteriorly, and fused almost to their tips. The 
apical denticle is higher than the rest and is unomamented 
on its anterior edge. The blade is arched orally over the 
moderately large aboral cavity. The cavity is long, shallow, 
and widely flared, starting just to the posterior of the main 
denticle. ^

Discussion. This species is very similar to Spatho
gnathodus mlnutus. S, mlnutus differs by having a denti
culate or serrate anterior edge.

Occurrence. Youngqulst and Miller (1949, p. 621) 
reported Spathognathodus mlnutus from Late Mlssisslpplan 
rocks of Iowa. Globensky (1967, p. 447) reported it from 
the Windsor Group of Eastern Canada. Reid (1968, p. 166) 
recovered specimens of the species from lower and middle
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Desmoinesian strata of central Arizona, and Mlcklln (1969# 
p, 190) reported Its occurrence In rocks of Derryan to early 
Vlrglllan. In the Naoo Hills, the species occurs in samples 
297 to 235# Morrowan to Desmoinesian.

Material studied. 20 specimens.
Repository. Figured hypotype, UA 2157,

Spathognathodus mlnutus (Ellison)
Fig. 7# nos. 8, 9

Spathodus mlnutus ELLISON, 1941, p. 120, FI. 20, figs. 50-
52.

Spathognathodus mlnutus (Ellison). ELLISON & GRAVES, 1941, 
PI. 2, figs. 1, 3, 5i YOUNGQUIST & DOWNS, 1949, p. 
169, PI. 30, fig, 4; STURGEON & YOUNGQUIST, 1949, p. 
385, Pi. 74, figs. 9-11; Pi. 75, fig. 19; rex road & 
BURTON, 1961, p. 1156-1157, PI. 141, figs. 10, 11; 
MURRAY & CHRONIC, 1965, p. 606, PI. 72, figs. 29,
30; IG0 & KOIKE, 1965, P. 88-89, PI. 9, figs. 16,
18 only; KOIKE, 1967, P. 311, PI. 3, figs. 39-42; 
REID, 1968, p. 167, fig. 25, nos. 22-24; WEBSTER, 
1969, p. 44, PI. 7, fig. 4; MICKLIN, 1969, p. 190, 
fig. 21, nos. 4, 5; DUNN, 1970a, p. 339, PI. 6l, 
figs. 27, 30.

Spathognathodus mlnutus? (Ellison), CLARKE,I960, p. 20, fig. 
ill, fig. 9 only.
Description. The moderately small blade is composed 

of seven to twelve sharply pointed denticles which are fused 
almost to their tips. The main denticle is higher than the 
rest and is serrate, bearing one to three small denticles on 
its anterior edge. The blade is arched orally and to the 
right. The aboral cavity is well posterior of the main 
denticle, has widely flaring edges, and is pointed 
posteriorly.
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ed from S, crlstulus by having a serrate or denticulate 
anterior edge.

Occurrence. This species has been reported from 
rocks of Late Mississlpplan to Early Permian, field (1968, 
p. 168) recovered this species from strata of middle Der- 
ryan through middle Virgllian, Mlcklln (1969. p. 191) 
reported it from middle Desmolneslan through Missourian 
rocks. Specimens were recovered from samples 303 to 424, 
Morrowan to Late Pennsylvanian, In the Naco Hills.

Material studied. 51 specimens.
Repository. Figured hypotypes, UA 2159, UA 2160.

Spathognathodus sp, A 
Fig, 7, nos, 10, 11

Description. The long, laterally compressed blade 
is ornamented orally with as many as fifteen denticles of 
equal height. The denticles increase in width posteriorly, 
and are fused for two-thirds of their height. The line of 
fusion is well-delineated by a fine groove. The white mat
ter is clearly defined in each denticle, A pointed anterior 
denticle rises well above the others and has a long, concave 
anterior edge ending In an acute, laterally flattened, ante- 
rlor-aboral angle. The blade is arched gently to the left 
In an oral view, with maximum flexure approximately at mid
point, The aboral cavity is subsymmetrical and extends from



\ 84
just beneath the anterior denticle the entire length poste
riorly. The maximum width of the cavity is located at 
approximately mid-blade; the cavity is pointed posteriorly 
and anteriorly and continues as a fine groove beneath the 
anterior portion of the blade.

Discussion. The long anterlor-aboral angle and the 
large number of equal denticles distinguishes this species 
from other species of Spathognathodus.

Occurrence, In the Naco Hills, this species was 
recovered from samples 223 to 504, Late Pennsylvanian.

Material studied. 18 specimens.
Repository. Figured specimens, UA 216l, UA 2162,

Genus STREPTOGNATHODUS Stauffer & Plummer, 1932
Type species. Streptognathodus excelsus Stauffer & 

Plummer, 1932.

Streptognathodus anteeccentrlcus Dunn 
Fig. 7, nos, 12, 13

Streptognathodus anteeccentrlcus DUNN, 1966, p. 1302. PI,
157, figs. 11, l£; DUNN, 1970a, p. 339, PI. 62, figs. 
3, 4, Text-fig. 9J.
Description. The platform is long, moderately wide, 

and pointed posteriorly. Ornamentation consists of parallel 
transverse ridges broken by a shallow longitudinal trough. 
The trough is situated slightly to the inner side of the 
central axis. A high blade joins the platform in a medial
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position, then continues as a fused carlna about one-half 
of the distance posteriorly. Deep troughs flank the carlna 
and form nodose parapets on either side of the anterior half 
of the platform. A small lobe with three to six nodes Is 
situated along the inner anterior end of the platform. The 
aboral cavity is moderately narrow and long, pointed poste
riorly, and extends as a fine groove beneath the blade.

Discussion. Dunn (1966, p. 1303) described this 
species as a primitive form, ancestral to Streptognathodus 
ecoentrlcus. In the Naoo Hills fauna the two species were 
distinguished by S, anteeccentrlcus having one inner, acces
sory lobe.

Occurrence. Dunn (1966, p. 1302) reported S. 
anteeccentrlcus from Morrowan strata of Nevada and Oklahoma. 
In the Naco Hills, the species was recovered from samples 
317 to 211, Derryan to Desmoinesian, An extension of the 
stratigraphic range may explain the age difference.

Material studied. 22 specimens.
Repository. Figured hypotypes, UA 2163, UA 2164.

Streptognathodus ecoentrlcus Ellison 
Fig. 7, no. 18

Streptognathodus ecoentrlcus ELLISON, 1941, p, 132, Pi. 22.
fig. 24$ FAY, 1952, p. 1911 JENNINGS, 1959, p. 995, 
PI. 124, fig. 9.
Description. The platform is long, narrow, and

posteriorly pointed, with the widest part near the anterior
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medial position, continues posteriorly as a narrow, promi
nent carlna, and Is terminated by a transverse ridge 
approximately one-half of the distance posteriorly. The 
platform Is ornamented with parallel transverse ridges, 
broken by a narrow trough extending the length of the plat
form inside of the central axis and carlna. Two marginal 
ridges are separated from the carlna by sharp troughs. Two 
accessory lobes are situated on the anterior end of the 
platform. The inner lobe is more fully developed than the 
outer, but both may display four to five nodes. The aboral 
cavity is long, narrow, sharply pointed both anteriorly and 
posteriorly, and extends beneath the blade as a narrow 
groove.

Discussion. Streptognathodus eccentrlcus is dis
tinguished from S, anteeccentrlcus by having two accessory 
lobes, and from most other streptognathodids by having an 
oral trough slightly to the Inner side of the longitudinal 
axis.

Occurrence. Ellison (19^1) reported the species 
from rocks of Missourian to Vlrgilian age. In the Naco 
Hills, the species was recovered from sample 251, Missourian.

Material studied. 5 specimens.
Repository. Figured hypotype, UA 2165.

86
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Streptoftnathodus elegantulus Stauffer & Plummer 

Fig. 7, nos. 16, 17
Streptognathodus elegantulus STAUFFER & PLUMMER, 1932, p.

47, PI. 4, figs. 6, 7. 22, 27; ELLISON, 1941, p.
127, PI. 22, figs. 1-6, 10; REID, 1968, p. 138-140, 
fig. 23, nos. 4-7; MICKLIN, 1969, p. 165-166, fig.
20, no, 5 .
Description. The platform is long, wide, and round

ed posteriorly. It is ornamented by parallel transverse 
ridges which become obsolete in the shallow, wide, longi
tudinal trough. The interior ends of the ridges are bowed 
slightly in an anterior direction. The blade joins the 
platform in a medial position, and extends one-third of the 
distance posteriorly as a prominent fused carina. The 
aboral cavity is typical of the genus; it is long, narrow, 
moderately flared, pointed at both ends, and extends be
neath the blade as a narrow groove.

Discussion. The lack of accessory lobes distin
guishes this species from other streptognathodids, The 
carina does not reach the posterior extremity, distinguishing
S. elegantulus from S. oppletus.

Occurrence. Ellison (1941, p. 127) reported this 
species from strata of middle Desmoinesian through early 
Wolfcampion in the Midcontinent. Reid (1968, p. 140) 
recovered specimens from lower Desmoinesian through middle 
Virgilian strata in central Arizona, Mlcklln (1969, p. 166) 
reported the species from Derryan through Wolfcampion rocks
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of the Dragoon Mountains. In the Naco Hills, the species 
was recovered from samples 263 to 504, Late Pennsylvanian. 

Material studied. 29 specimens.
Repository. Figured hypotypes, UA 2166, DA 2167#

UA 2168.

Streptognathodus excelsus Stauffer & Plummer
Fig. 7# no, 18

Streptognathodus excelsus STAUFFER & PLUMMER, 1932, p. 48, 
PI. 4, figs. 2, 4 1 ELLISON, 1941, p. 130, PI. 22, 
figs. 15# 17, 20.
Description. The ambidextrous platform is long, 

moderately narrow, and sharply pointed posteriorly. It is 
ornamented by parallel transverse ridges which are depressed 
by a longitudinal trough extending almost the entire dis
tance posteriorly. The blade joins the platform in a medial 
position and continues as a low fused carina a short 
distance posteriorly. The short carina is flanked by two 
free edges separated by deep troughs, Two accessory lobes 
are situated at the anterior end of the platform. The inner 
lobe is more fully developed, having a cluster of four to 
eight nodes. The outer lobe generally has a row of two to 
four nodes. The aboral cavity is typical of the genus.

Discussion. Streptognathodus excelsus differs from 
S. grading by having two accessory lobes.

Occurrence, Stauffer and Plummer (1932, p. 48)
described this species from Desmoinesian to Missourian
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strata. Ellison (194-1, p. 130) reported It from Desmoln- 
eslan to Vlrglllan rooks In Missouri and Kansas. In the 
Naco Hills, Streptognathodus excelsus was recovered from 
samples 251 to 264, Missourian.

Material studied. 17 specimens.
Repository. Figured hypotype, UA 2169.

Streptognathodus gracilis Stauffer & Plummer
Fig, 7, no. 19

Streptognathodus gracilis STAUFFER & PLUMMER, 1932, p. 48,
PI. 4, figs. 12, 23f ELLISON, 1941, p. 128-129, PI. 
22, figs. 7, 11.
Description. The platform is long, narrow, pointed 

posteriorly, and Is ornamented by parallel transverse 
ridges which evanesce in the deep longitudinal trough. The 
trough extends to the posterior end of the platform, A 
laterally compressed blade joins the platform in a medial 
position and continues as a carina In the oral trough for 
about one-half of the distance posteriorly. One accessory 
lobe Is located on the Inner side at the blade-platform 
junction; its surface is ornamented by several Indistinct 
nodes. The basal cavity Is typical of the species.

Discussion. This species differs from S. excelsus 
and S. elegantulus by having one accessory lobe. S, excelsus 
has two lobes and S. elegantulus has none.

Occurrence. Stauffer and Plummer (1932, p. 48) 
described Streptognathodus gracilis from Desmoinesian to



Missourian strata in Texas. Ellison (19^1* p. 129) reported 
this species from Missourian to Virgllian rocks of the Mid
continent, In the Naco Hills, Streptognathodus gracilis 
occurred in sample 252, Missourian.

Material studied. 1 specimen.
Repository. Figured hypotype, UA 2170.

Streptognathodus oppletus Ellison 
Fig. 7, nos. 20, 21

Streptognathodus oppletus ELLISON, 194-1, p. 132, PI, 22,
figs. 13, 14, 16; REID, 1968, p. l40-l4l, fig. 23, 
nos. 8-10; MICKLIN, 1969, p. 166-167, fig. 20, nos. 6, 7, 10.
Description. The platform is long, moderately wide, 

and pointed posteriorly. It is ornamented with parallel 
transverse ridges broken on both sides of the central axis 
by shallow sulci for a distance of two-thirds of the length 
posteriorly. The laterally compressed blade joins the 
platform in a medial position and continues posteriorly as 
a low carina or as discreet nodes. Two prominent shoulders 
flank the blade at its juncture with the platform but nei
ther continues posteriorly. One accessory lobe is situated 
at the anterior end of the platform on the inner margin, 
with a cluster of three to five nodes. The aboral cavity is 
typical of the genus.

Discussion. Streptognathodus oppletus differs from 
S. elongatus and S, elegantulus by having an accessory lobe.

90
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Larger forms of S. gracilis may develop a medial row of 
nodes, but differ from S. oppletus by having a more concave 
oral surface, S. oppletus Is further distinguished from 
S. elegantulus by the extension of the carlna to the poste
rior extremity.

Occurrence. Ellison (1941, p, 132) described S, 
oppletus from Desmolnesian and Missourian strata in Missouri 
and Kansas. Held (1968, p, 140) reported the species from 
lower Desmolnesian to lower Missourian rocks in central 
Arizona. Mlcklln (1969, p. 16?) recovered specimens from 
early through late Desmolnesian strata in the Dragoon 
Mountains. The species was recovered from samples 251 to 
431, Late Pennsylvanian, In the Naco Hills.

Material studied. 136 specimens.
Beposltory. Figured hypotypes, UA 2171, UA 2172,

Streptognathodus parvus Dunn 
Fig. 7, nos. 22-24

Streptognathodus parvus DUNN, 1966. p. 1302, PI. 158. figs. 
9, 10; DU#, 1970a, p. 340, PI. 64, figs. 8-11, 
Text-fig, 91. . ..

Streptognathodus angustus DUNN, 1966, p. 1302, PI. 158, 
figs. 11-13.

Idlognathodus parvus (Dunn). KOIKE, 1967, p. 305, PI. 2, 
figs. 11, 13 only.
Description. The small platform is narrow and 

pointed posteriorly. The blade joins the platform in a 
medial position and continues to the posterior end as a low,



fused carlna. Narrow nodose parapets are separated from the 
carina by deep, longitudinal troughs. A narrow lobe with 
one to three nodes is situated on the inner side of the 
anterior end of the platform. There may be as many as 
three continuous transverse ridges near the posterior end. 
The aboral cavity is long, symmetrical, and pointed at both 
ends; the widest part is at the anterior end.

Discussion. The carlna that extends to the poste
rior extremity distinguishes this small form from Idlo- 
gnathodus dellcatus. Streptognathodus parvus has only one 
accessory lobe, whereas , dellcatus has two.

Occurrence. Dunn (1966, p. 1303; 1970a, p, 340) 
reported the species from bhe Horrowan of Nevada, Texas, 
Oklahoma, and Utah, In the Naco Hills, the species was 
recovered from samples 306 to 424, Morrowan through Late 
Pennsylvanian,

Material studied. 49 specimens*
Repository. Figured hypotypes, UA 2173, UA 2174,

UA 2175.
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Genus TAPHROGNATHUS Branson & Mehl, 1941 
Type species. Taphrognathus varlans, Branson & 

Mehl, 1941.

Taphrognathus varlans Branson & Mehl
Fig. 7, nos. 25-27
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Taphrognathus varlans BRANSON & MEHL, 1941b, p. 182-183,

PI, 6, figs. 27-33, 35-401 BRANSON & KEEL, 1944, 
p. 246, PI. 94, figs. 66-68; COOPER, 194?, p. 92,
PI. 20, figs. 14-16; REXROAD & COLLINSON, 1963, p.
21, PI. 1, figs. 18-20; THOMPSON & GOEBEL, 1963, p. 
11-13; REXROAD & COLLINSON, 19&3, p. 24, PI. 1, 
figs. 30-32; RHODES AND OTHERS, 1969, p. 241-242,
PI. 13, figs. 4-5; NOBBY, 1971, P. 132, PI. IV, 
figs. 10, 14-16.
Description. The platform is long and narrow, and 

the blade joins in a medial or slightly offset position. 
Faint transverse ridges ornament the anterior two-thirds of 
the sharp marginal parapets, and become obsolete in the deep 
longitudinal trough. The posterior one-third of the plat
form is ornamented with a low, nodose carina. The aboral 
cavity is long and narrow, subsymmetrlcal, pointed both 
anteriorly and posteriorly, and flared only slightly.

Discussion. This species is closely related to the 
genus Cavusgnathus (Branson and Mehl, 1941b, p. 183; Bexroad 
and Collinson, 1963, p. 20; Rhodes and others, 1969, p. 242) 
and transitional forms have been identified in some faunas, 
The Naco Hills specimens do not have the nearly perfect 
bilateral symmetry typical of the species and they may be 
transitional forms.

Occurrence, Taphrognathus varlans has been reported 
by many investigators from strata of middle Osagean to late 
Meramecian age in Europe and North America. In the Naco 
Hills, the species was recovered from samples 139 to 293, 
middle Osagean.



94
Material studied. 11 specimens.
Repository. Figured hypotypes, UA 2176, UA 2177,

UA 2178.

Genus undescribed sp.
Fig. 7» nos. 1-4

Description. The small platform Is narrow, of medi
um length, and ornamented by faint parallel transverse 
ridges. The ridges are obsolescent in the deep longitudinal 
trough. The blade joins the platform in an outer medial 
position and ends with no fixed portion or carina on the 
platform. A wide channel separates the inner parapet from 
the blade. The outer parapet is separated from the blade 
by a narrow channel. The blade is composed of six to ten 
denticles which rise to a height approximately twice that of 
the platform. The denticles are fused to about one-half of 
their height and have sharp apices of equal length.

In a lateral view the platform and the blade are 
arched strongly in an oral direction. The posterior end is 
flexed gently upward, giving a slightly sinuous appearance.

The aboral cavity is long and subsymmetricalj the 
greatest flare is toward the inner side with a moderate 
flare outward. The widest part of the cavity is beneath the 
platform-blade Junction, The pointed ends extend anteriorly 
beneath the blade and posteriorly beneath the platform.
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*' Discussion. This small form differs from Cavus- 

gnathus by the joining of the blade In a sub-central posi
tion. The genus Is similar to Taphrognathus Branson & Mehl, 
named for a Middle Mlsslssipplan form in Iowa and found in 
Lower Carboniferous faunas throughout the world. This Penn
sylvanian taxon, perhaps homeomorphio to Taphrognathus» 
may have developed as an offshoot of the Cavusgnathus stock 
in late Pennsylvanian time or may constitute a third, un
paired, element in a multi-element species (see discussion 
under Cavusgnathus sp. A), The absence of Taphrognathus 
throughout the Pennsylvanian indicates that there may not be 
continuity of the lineage and that this form should be put 
into a new genus.

Occurrence. Specimens were recovered from samples 
2?2 to 430, Late Pennsylvanian.

Material studied. 23 specimens.
Repository. Figured specimens, UA 2152, UA 2153,

UA 2154, UA 2155,



Figure 4, Cavusgnathus, Decllnognathodus, and Gnathodus.
(All illustrations x 35)
1-3 Cavusgnathus glgantus Gunnell, la, aboral view, lb, 

oral view; UA 2101, 2a, inner lateral view, 2b, oral
view; UA 2102, 3a, inner lateral view, 3b, oral
view; UA 2103 (p. 34).

4, 5 Cavusftnathus lautus Gunnell. 4a, oral view, 4b, 
aboral view; UA 2l04. 5&# oral view, 5b, inner
lateral view; UA 2105 (p. 38).

. 6,-7 Cavusgnathus inflexus (Dunn), 6a, oral view, 6b,
inner lateral view; UA 2106. aboral view, 7b,
oral view; UA 2107 (p. 36).

8, 9 Cavusgnathus sp. A. 8a, aboral view, 8b, oral view; 
UA 2108. 9a, oral view, 9b, outer lateral view;
UA 2109 (p. 39).

10-12 Decllnognathodus lateralis (Higgins & Bouckaert).
10a, outer lateral view, 10b, oral view; UA 2110.
11a, oral view, lib, inner lateral view; UA 2111.
12a, aboral view, 12b, oral view; UA 2112 (p. 4l).

13 Decllnognathodus nodullferus (Ellison & Graves).
13a, aboral view, 13b, oral view, 13c, outer lateral 
view; UA 2113 (p. 42).

14 Gnathodus sp. of. G, blllneatus (Boundy). 14a,
aboral view, 14b, oral view; UA 2114 (p, 44).

15 Gnathodus bulbosus Thompson. 15a, aboral view, 15b, 
oral view, 15c, inner lateral view; UA 2115 (p. 45).

16 Gnathodus dellcatus Branson & Hehi. 16a, aboral 
view, l6b, oral view, 16c, outer lateral view;
UA 2116 (p. 47).

17 Gnathodus commutatus commutatus (Branson & Mehl). 
l?a, oral view, l?b, inner lateral view; UA 2117 
(p. 46).
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Figure 5 . Gnathodus, Idlo^nathodus, and Idlognatholdest
(All Illustrations x 35)
1 , 2 Gnathodus sp. A, la, oral view, lb, outer lateral 

view; UA 2118. 2a, aboral view, 2b, oral view;
UA 2119 (p. 49).

3 , 4 Idlognathodus clavlformes Gunnell. 3» oral view;
UA 2120. 4a, oral view, 4b, outer lateral view;
UA 2121 (p. 50).

5-7 Id1ognathodu3 dellcatus Gunnell. 5a, oral view, 5b, 
outer lateral view; UA 2122. 6a, oral view, 6b,
aboral view, 6c, outer lateral view; UA 2123, 7a,
oral view, 7b, aboral view; UA 2124 (p, 5 1)•

8, 9 Idlognathodus humerus Dunn, 8a, outer lateral view, 
Bb, oral view; UA 2125. 9a, aboral view, 9b, oral
view, UA 2126 (p, 54).

10, 11 Idlo/rnathodus slnuosls Ellison & Graves. 10a, oral
view, 10b, aboral view; UA 2127. 11a, oral view,
lib, outer lateral view; UA 2128 (p. 57).

12-15 IdlQffnathodus ma/mlficus Stauffer & Plummer. 12, 
oral view; UA 2129. 13* oral view; UA 2130. 14a, 
aboral view, 14b, oral view; UA 2131. 15a, oral
view, 15b, outer lateral view; UA 2132 (p, 5 6).

16 Idloftnatholdes slnuatus Harris & Hollingsworth,
l6a, aboral view, 16b, oral view, 16c, inner lateral view; UA 2133 (p. 62).

17 Idlognatholdes convexus (Ellison & Graves), 17a, 
oral view, 17b, aboral view, 17c, outer lateral 
view; UA 2134 (p. 59).
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Figure 6 . Idlognatholdes, Lonchodina. Neognathodus. 
Ozarkodlna, Polygnathus, and 
Pseudopolygnathus,

(All illustrations x 35)
1, 2 Idiognathoides corrugatus (Harris & Hollingsworth), 

la, afcoral view, lb, oral viewi UA 2135* 2a, inner
lateral view, 2b, oral view? UA 2136 (p, 60),

3, 4 Neognathodus bassleri (Harris & Hollingsworth), 3a, 
aboral view, 3b, oral view, 30# outer lateral view?
UA 2137. 4a, oral view, 4b, aboral view, 4c, inner
lateral view? UA 2138 (p. 64),

5» 6 Neognathodus roundyl Gunnell, 3a, oral view, 5U, 
inner lateral view? UA 2139. 6a, inner lateral
view, 6b, oral view? UA 2l4o (p. 66).

7 Lonchodina sp. A, 7a, inner lateral view, 7b,
posterior view? UA 214l (p. 63). •

8, 9 Ozarkodlna campbelll Youngquist & Heezen. 8, outer 
lateral view; UA 2142, 9, inner lateral view?
UA 2143 (p. 6 8).

10, 11 Ozarkodlna dellcatula (Stauffer & Plummer). 10,
inner lateral view? UA 2144, 11, outer lateral view?
UA 2145 (p. 69).

12, 13 Polygnathus communis Branson & Mehl, 12a, oral view, 
12b, aboral view, 12c, outer lateral view? UA 2146. 
13a, oral view, 13b, outer lateral view? UA 2147 
(p. 70).

14, 15 Polygnathus longlpostlcus Branson & Mehl, 14a, oral
view, l4b, aboral view? UA 2148, 15, lateral view?UA 2149 (p. 72).

16 Pseudopolygnathus trlangulus plnnatus Voges. 16a, 
aboral view, 16b, oral view, UA 2150 (p, 77).

17 Ps eudopolygnathus primus Branson & Mehl, 17a, oral 
view, l/b, aboral view; UA 2151 (p. 74).
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Figure 6. IdlQKnatholdes. Lonchodlna. NeoRnathodus. 
Ozarkodlna, Polygnathus, and 
Pseudopolygnathus.



Figure 7, Genus undescribed sp., Rhachlstognathus.
Spathognathodus, Streptognathodus. and 
Taphrognathus.

(All illustrations x 35)
1-4 Genus undescribed sp. la, oral view, lb, outer

lateral view; UA 2152. 2, oral view; UA 2153, 3a,
aboral view, 3b, oral view; UA 2154. 4a, inner
lateral view, 4b, oral view; UA 2155 (p. 94).

5 Rhachlstognathus primus Dunn. 5a, oral view, 5b, 
aboral view, 5c, outer lateral view; UA 2156 (p. 7 8),

6 Spathognathodus crlstulus Youngqulst & Miller. 6, 
lateral view; UA 2157 (p, 81).

7 Spathognathodus coloradoensls Murray & Chronic, 7a, 
oral view, 7b, outer lateral view; UA 2158 (p, 7 9),

8> 9 Spathognathodus mlnutus (Ellison). 8, lateral view; 
UA 2159. 9, lateral view; UA 2160 (p. 82).

10, 11 Spathognathodus sp. A. 10, outer lateral view;
UA 2161, 11, outer lateral view; UA 2162 (p. 83),

12, 13 Streptognathodus anteeccentrlcus Dunn, 12a, outer 
lateral view, 12b, oral view; UA 2163. 13&, oral
View, 13’u, auOx*al view; UA 2io4 (p, 84),

14 Streptognathodus eccentrlcus Ellison, 14a, inner
lateral view, 14b, oral view; UA 2165 (p. 85).

15-17 Streptognathodus elegantulus Stauffer & Plummer.
15a» oral view,15b, outer lateral view; UA 2166, 
loa, aboral view, 16b, oral view; UA 2167. 17a,
oral view, 17b, inner lateral view; UA 2168 (p. 87).

18 Streptognathodus excelsus Stauffer & Plummer. 18a,
inner lateral view, l8b, oral view; UA 2169 (p. 88),

19 Streptognathodus gracilis Stauffer & Plummer. 19a,
oral view, 19b, outer lateral view; UA 2170 (p. 8 9).

20, 21 Streptognathodus opnletus Ellison. 20a, oral view, 
20b, inner lateral view; UA 2171. 21a, oral view,
21b, aboral view; UA 2172 (p. 90).

22-24 Streptognathodus parvus Dunn. 22a, outer lateral
view, 22b, oral view; UA 2173. 23a, oral view, 23b,
aboral view; UA 2174. 24, oral view; UA 2175
(p. 91).

25-27 Taphrognathus varlans Branson & Mehl. 25a, inner 
lateral view, 25b, oral view; UA 2176. 26, oral 
view; UA 2177. 27a, inner lateral view, 27b, oral
view; UA 2178 (p. 92).
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Figure 7. Genus undescribed sp., Rhachlstognatbus 
Spathognathodus. Streptognathodus. and 
iaphrognathus.



APPENDIX I

MEASURED SECTIONi NACO HILLS

Composite section measured on the south slope of the Naco 
Hills. The base of the section Is on State Route 92» 280 
feet west and 400 feet south of the northeast comer, SE&, 
NE^,- Section 2, T. 24 S., R. 23 E, The top of the section 
Is the Horqullla-Earp contact, 680 feet west and 240 feet 
south of the northeast corner, NW&, NE£, Section 35» T, 23 
S., R. 24 S.

Pennsylvanian-Permian

Earp Formation
Thickness 
(In feet) 

Unit Total
Algal-fusullnld blomlcrudltei olive 
gray (3X4/1), weathers yellowish 
olive gray (5X7/1 ); phyllold algae 
plates, large fusullnlds (Trltl- 
cltea). crlnold stem fragments;
sample 432...................... .......2 33

Silty dolomltlc fusullnld blo- 
mlcrudltei grayish red (5R4/2), 
weathers pale red (10R6/2); large 
fusullnlds (Trltlcltes), crlnold 
stem fragments; fusullnlds slllc- 
Ifled, weather out complete;
503.............................
Covered Interval...... .

31

Contact conformable.
100

.1
30
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Pennsylvanian

Horqullla Limestone
Unit
No.
97

96

95

9%

Slightly dolomltie algal hlomlo- 
ruditei light olive gray (5Y6/1) 
to medium dark gray (N4), weathers 
yellowish gray (518/1)i dolomite Is 
finely crystallinei abundant 
Phylloid algal fragments, echinold 
spines, smaller foramlnlfers; two 
massive benches, well exposed, two 
covered Intervals; samples 42? to 
431................................... 28
Fusullnld blomlorosparrudlte to 
silty fusullnld blomlorosparrudlte* 
light brownish gray (5YR6/I) to 
brownish gray (5YB4/1), weathers 
pinkish gray (51B8/1 ) to yellowish 
gray (5X8/1); fusulinlds (Triti- 
oites), echinold spines, small 
orlnoid stem fragments 1 silt 
content increases upwards; unit not 
well exposed, bedding not apparent; 
samples 422 to 426...... . . . . . . . . . . . . . 2 3

Slightly dolomltie fusullnld bio- 
mi crosparrudite 1 pale yellowish 
brown (10YB6/2), weathers very 
light gray (N8) to very pale orange 
(10YB8/2); large fusulinlds 
(Triticltes), echinold spines, 
small crinold stem fragments; unit 
not well exposed; samples 417 to 
421...................................26
Dolomltie sandstone* moderate red 
(5H5/4), weathers very pale orange 
(10YR8/2); coarse sand size dolo- 
mitlzed crinold stem fragments in 
a coarse sand matrix; dolomltie 
cement, dolomite finely crystal
line ; sample 4l6,,...............6

Thickness 
(In feet)

Total

1013

985

962

936
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93 Echinoid biomlcrudites yellowish

gray (5Y8/I), weathers to very 
light gray (N8); echinoid spines 
only macrofossilst sample 415. .........4 930

92 Silty dolomite, dolomltlc silt-
stone, and dolomltlc sandstones 
pale red (10R6/2) to moderate red 
(5YB5/4), weathers grayish orange 
(10Ho/2) to light brownish gray 
(5YB6/1)1 not well exposed, upper 
7 feet red shale debris In covered 
Interval; lenses of coarse sand
stone within dolomite; some 
dolomltlzed fossil fragments In 
sandstone; some orange chert 
nodules In dolomite; samples 4ll 
to 414................................20 926

91 Slightly silty dolomltlc fusullnld
blomlerudltes light brownish gray 
(5YR6/1) to brownish gray (5YR4/1), 
weathers light brownish gray 
(5YR6/1) to light olive gray 
(5X6/1); large orange fusullnlds, 
fine to coarse brachlopod and 
echinoid spine fragments; numerous 
small burrows; unit not well
exposed; samples 4o6 to 410,..........24 906

90 Slightly silty dolomltlc mlorlte to
dolomltlc mlcrlte; light brownish 
gray (5XB6/1), weathers pinkish 
gray (5XB8/1); no fossils; silt 
content decreases upward; medium 
bedding, well exposed; lower 5 feet 
covered; samples 401 to 405 . • . . . . . . . . . 2 3  892

89 Slightly silty echinoid blomlcrlte
to blopelsparltes light brownish 
gray (5XR6/1), weathers light olive 
gray (5Y6/1) to pinkish gray 
(5YR8/1); sparry cement Increases 
upward; echinoid fragments only 
fossils; unit forms single thick
ledge; samples 288 to 291.............19 859

88 Covered Interval,.,..,,..,.,....,..,.,11 840
8? Silty fusullnld brachlopod blospar-

rudlte, silty mlcrlte, and



calcareous siltstone» pale 
yellowish brown (10YB6/2) to light 
brownish gray (5YB6/1), weathers 
very light gray (N8 ) to very pale 
orange (10YB8/2)$ 5 foot covered 
interval 8 feet above base, silt- 
stone fragments with fine current 
laminae1 upper 2 feet of unit 
moderate red (5E4/6) calcareous 
siltstone? brachiopod fragments, 
fusulinids (Triticites), echinoid 
spines 1 Komla algae near top of 
unit 1 unit includes 2 resistant 
ledges, 8 feet and 13 feet thick;
samples 281 to 287.................. .26

Covered interval.....................10
Slightly dolomltic blomicrudite1 
light brownish gray (5YB6/I), 
weathers very light gray (N8 ) to 
pinkish gray (5YB8/1 ); rare frag
ments of bryozoans, abundant small 
burrows; upper 3 feet thinly 
laminated with pinch and swell 
structures; lenses of silty intra- 
sparlte; single thick ledge;
samples 278 to 280......,....,,..,.....8
Covered I n t e r v a l .10
Algal biopelsparrudite to slightly 
silty dolomltic biosparrudite; 
light brownish gray (5YB6/1), 
weathers light olive gray (5Y6/I) 
to yellowish gray (5Y8/I); Komla 
and Osagia? algae, brachiopod hash, 
bryozoan fragments, echinoid 
spines; 2 foot thinly laminated 
interval 20 feet above base of 
unit, slightly silty biomicrite; 
pale red (10B6/2), weathers 
pinkish gray (5YB8/1); fossils 
recrystallized to sparry blebs; 
entire unit single high cliff;
samples 266 to 2 7 7 , . . . . . . . . . . . . . . . . . . 5 5

Covered interval. , 15

Silty algal biosparrudite to silty 
intrasparrudlte; light brownish



104
gray (5YR6/1), weathers pinkish 
gray (5YR8/1)| mlcrlte coated 
grains in lower 4- feet; brachlopod 
fragments, eohinold spines, Koala 
algae in middle of unit; silt 
increases towards top of unit;
2 foot sequence of chert nodules 
7 feet up from base; unit makes 
single prominent ledge; samples
262 to 265.......................... .15

80 Covered interval......................35
79 Slightly dolomltlo calcareous silt-

stone: pinkish gray (5YE8/1) to 
light brownish gray (5YR6/1), 
weathers to very pale orange 
(10XR8/1); finely laminated small 
ripple marks; no macrofossils; 
samples 260 and 2 6 l .10

78 Bryozoan biosparrudite: light
brownish gray (5Yr6/l), weathers 
light olive gray (5Y6/1);
Prlsmopora, fusullnids, other fine 
fossil hash; 1 foot chert layer
with limestone patches; sample 2 5 9 . . , , . 5

77 Covered interval..........,29
76 Silty intrasparrudite to bryozoan

biosparrudite: light brownish gray 
(5YR6/1) to light red (5R6/6), 
weathers light olive gray (5Y6/1); 
Prlsmopora. unidentified algae, 
brachlopod fragments, and other 
fine fossil hash; iron oxide blebs 
in lower part of unit; silt in 
lower few feet, decreases upward; 
samples 256 to 2 5 8 , ,10

75 Shale dolomltlc siltstone; light
brownish gray (5YR6/1) to pale red 
(10R6/2), weathers grayish orange 
pink (10R8/2); thinly laminated 
with planar laminae; exhibits 
extensive concentric to linear 
color banding; no macrofossils; 
samples 254 to 255.... . ....8

705
690

655

645
640

611

601



Covered Interval 15
Bryozoan blosparruditei light 
brownish gray (5YB6/1 ) to light 
olive gray (5Y6/1 )» weathers to 
grayish orange pink (10R8/2 )i 
Prlsmopora, fusulinlds (lowest 
occurrence of Trltlcltes), brach- 
iopod fragments, echinoid spines, 
algaei upper 10 teen covered 
except for 1 foot bed at top of 
uniti samples 251 to 253*............15
Dolomltlc shaly slltstonei pale 
red (10R6/2) to light olive gray 
(5Y6/1 ), weathers grayish orange 
pink (10R8/2); finely laminated, 
cross-bedded slltstonei no macro- 
fossils; sample 2 5 0 . . . . . . . . . . . . . . . 1 3

Silty dolomltlc blosparrudite to 
biomicrite1 light brownish gray 
(5YR6/1), weathers pinkish gray 
(5YR8/1) to yellowish gray ($Y8/l)i 
fusulinlds (Beedeina), brachiopods, 
rare algal fragments; abundant 
authlgenlc quartz1 medium to thick
bedding; samples 246 to 249. . . . . . . . . . . 1 3

Covered i n t e r v a l , .11
Dolomltlc slltstonei grayish orange 
pink (10R8/2) to light brownish 
gray (5YB6/I), weathers grayish 
orange (10YR7/4) to very pale 
orange (10XR8/2); finely laminated 
to thin bedded; some fossil hash;
samples 242 to 2 4 5 . . 1 4  
Covered interval..,.,....,,...,,....,.10
Algal fusulinld blosparrudite; 
light olive gray (5Y6/I) to olive 
gray (5Y4/1), weathers yellowish 
gray (5Y8/I); Koala, fusulinlds 
(Beedeina), braohiopod fragments, 
other fossil hash; 10 foot covered 
Interval begins 5 feet above base 
of unit; samples 236 to 24l. 30
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66 Slightly silty blomlcrltei mottled

brownish gray (5YB4/1) to olive 
gray (5Y4/1), weathers pale yellow
ish brown (10YR6/2); fusullnlds 
(Beedelna, Wedekindelllna). 
braohlopod, gastropod fragments t 
silt Increases upwardi samples 233
to 235.................. ............. 15 4?2

65 Covered Interval.... ............10 457
64 Fusullnld biomlcrudlte to blo-

mlcrltei medium gray (N5) to dark 
gray (N3)» weathers very light gray 
(N8)1 fusullnlds (Beedelna), 
articulated braohlopod valves, 
echlnold spines; fossils filled • 
with sparry caloltet sediment 
becomes finer upwards, fossils 
rare in upper part of unit* unit 
forms single thick ledge; samples
229 to 232............................15 44?

63 Covered interval..... ..10 432
62 Silty foramlnlferal biomicrite to

biomlcrudlte1 pale red (10R6/2) to 
greenish gray (5GY6/1), weathers 
moderate reddish orange (10R6/6) to 
pinkish gray (5YR8/1); fusullnlds 
(Beedelna. Wedeklndelllna). smaller 
foramlnlfers, articulated brachlo- 
pods, crinoid stem fragments; 
finely laminated, fossils concen
trated along erosion surfaces; two 
foot bed of cross-laminated reddish
calcareous slltstone 12 feet above
base of unit, large blocks of
mlorite suspended in silt; unit
well exposed, lower 12 feet single
thick ledge; samples 222 to 228.......21 422

6l Covered interval................... <7 401
60 Silty mlorite; grayish red (5Y4/2),

weathers pale red (10R6/2);
sample 221....... .1 394

59 Silty Intrasparrlte to fusullnld
biosparrifcet light brownish gray 
(5XR6/1), weathers very light gray



(N8 )t fusullnids (Beedelna), 
intraclasts, fossil fragments with 
micrite rims; authigenlc quartz 
crystals throughout unit; silt 
decreases upward; medium bedding, 
upper 7 feet poorly exposed;
samples 216 to 220 ........22

Covered interval......... . . . .. . . . . .11
Clayey intramicritei grayish red 
(10B.4/2), weathers pinkish gray 
(5X8/1 ); probably lowest bed of 
covered sequence above; silt to 
very fine sand sized intraclasts; 
no macrofossils; sample 215.. . # « . . . . . • . 1

Brachlopod biopelsparruditei light 
brownish gray (5YB0/I), weathers 
grayish orange pink (10B8/2) to 
pinkish gray (5XR8/1 ); numerous 
brachiopods, rugose corals, bryo- 
zoans, in pelletal matrix; 
becomes sandy in top 2 feet, unit 
cross-stratified, ripple drift up 
to 5 inches thick; samples 211 
to 214..... .......................... 12

Chaetetes biomicrudite* olive gray 
(5X4/1),weathers yellowish gray 
(5X8/1), Chaetetes weathers 
moderate reddish orange (10R6/6 ); 
Chaetetes heads up to 1 foot thick 
in upright position; sample 210,.......4
Offset section 1900 feet N8E along 
Chaetetes horizon for better 
exposures.
Covered interval......................7
Brachlopod biomicritei light brown
ish gray (5XR6/1). weathers light 
olive gray (5x6/1); rare brachlopod 
fragments only fossils; forms . 
single thick ledge; samples 340 to
343................................... 15
Covered interval......................10
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51 Mlorltet light brownish gray

(5YR6/1), weathers light olive
gray (5%6/lj; sample 339*»••••••••••••*1 311

50 Covered interval.............•••••••••15 310
49 Silty fusulinid biomierudite* pale

red (10B6/2) to very dusky red 
(10R2/2), weathers grayish pink 
(5R8/2) to light olive gray 
(5Y6/1)t fusullnids (lowest 
occurrence of Beedelna, Wedeklndel- 
llna). crinoid stem fragments, 
brachiopod fragments; some fossils 
filled with coarse ferroan oalcite; 
2 inch fusulinid rich black chert 
layer in upper part of unit, 
continuous across entire study
area; samples 335 to 3 3 8 . , 1 2  295

48 Covered interval. .......• • • • • •• ••.....10 283
47 Silty brachiopod biomierudite to

biomicrite* light olive gray 
(5Y6/1) to light brownish gray 
(5YR6/1), weathers very light gray 
(N8); fine to coarse brachiopod 
fragments, crinoid stem fragments, 
fusullnids (Fusullnella). smaller 
foraminifers, large gastropods; 
fossil fragments dolomitized; 
current laminae and numerous chert 
nodules in 3 foot bed 21 feet above
base of unit; samples 32? to 334. . . . . . 3 8  273

46 Covered interval,,....  .... ........10 235
45 Dolomltlo fusulinid biosparrudlte

to dismicrite* grayish red (10R4/2) 
to light brownish gray (5YB6/I), 
weathers light brownish gray 
(5YR6/1) to yellowish gray (5Y8/1); 
fusullnids (Fusullnella). bryozoan, 
large brachiopods, large rugose 
corals, echinoid spines; sediment 
size decreases upward, upper 2 feet 
brecciated, dark dismicrite in 
lighter matrix; samples 321 to 3 2 6 . . . , 2 9 225
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43- Dolomltlo brachlopod gastropod
biomiorudltei pale red (10R6/2), 
weathers very light gray (N8), 
articulated hrachlopods, large 
gastropods, fusulinids (Fusulin- 
olla), orinoid stem fragments* 
fine grained dolomite in matrix1

44 Covered Interval....... . .18 196

sample 320.......................... ...2 178
42 Covered interval....................,,13 1?6
4l Fusulinid blomiorudite* grayish

red (10B4/2), weathers light 
brownish gray (5YR6/I )1 fusulinids 
(Fusullnella) and fossil fragments; 
ferroan calclte; numerous authl- 
genlo quartz crystals; samples 318 
to 319......... ....................... 5 161

40 Bryozoan biosparitet pale red
(10E6/2) to yellowish gray (5Y8/I), 
weathers grayish orange pink 
(5YR7/2); bryozoan fragments and 
rare fusulinids (lowest occurrence 
of Fusullnella); fossils recrystal
lized; samples 316 and 317* • « • • • • • • • • * 1 0  156

39 Brachlopod biopelsparite to
calcareous siltstonei grayish red 
(10R4/2), weathers pale red 
(10R6/2) to very light gray (N8); 
pelletal limestone with brachlopod 
fragments, grading upwards to 
slltstone in upper part of bed;
sample 315*•e ,4 146

38 Covered interval.......17 142
37 Slightly silty blomlcrosparlte to

oosparitei pale red (10B6/2 ). 
weathers very light gray (N8 ) to 
grayish orange pink (10R8/2 ); rare, 
obscure fossil fragments, recrystal- 
11 zat ion extensive; upper 3 feet 
oolitic, well rounded, fine sand 
sized fossil fragments as nuclei; 
samples 311 to 314. . . . . . . . . . . . . . . . . . . . 1 5 125
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35 Silty brachiopod blosparrudlte*
light brownish gray (5YB6/1), 
weathers yellow gray (5Y8/1 )t large 
brachiopod fragments, small frag
ments of bryozoan, orlnold stem 
fragments, and echlnold spines; 
beds form slope; samples 306 to 310, . . . , . . , , . . . , . . , . . . ......... ........ .20 100

3% Silty orlnold blopelsparrudltet
pale yellowish brown (10YR6/2 ). 
weathers yellowish gray (5Y8/1 ); 
lower part of unit has orlnold stem 
fragments, brachiopod fragments; 
fossils and silt decrease upward; 
medium bedding; samples 302 to 3 0 5 . . . . 2 8  80

33 Brachiopod coral blosparrudltei
pale yellowish brown (10IB6/2); 
weathers yellowish gray. (5X8/1 ); 
coarse brachiopod fragments, whole 
valves; 1 to 2 Inch chert layers, 
lenses, and nodules throughout
unit; samples 300 and 301 .............6 52

32 Biomlorosparrudite to blomlcro-
sparItoi light olive gray (5X6/1 ) 
to medium gray (N4), weathers 
yellowish gray (5X8/l); coarse 
fossil fragments fining upward; 
coral, bryozoan, brachiopods, 
gastropods, echlnold spines; 
medium bedding; samples 295 to

36 Covered Interval*•••••••••••«•••«••••tlO 110

299.... ............................. .26 46
31 Covered interval. , 15 20
30 Dolomitic bryozoan blosparlte1

grayish red (10R4/2), weathers 
light brownish gray (5XB6/I); 
coarse sand sized bryozoan frag
ments, calclte-dolomite overgrowths; 
grain boundaries sutured; fine 
grained silica In some fragments; 
dolomite abundant in cement; 
sample 294, 5
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Total thickness of Horqullla 
Limestone............... .1013

Basal contact dlsconformable with underlying Escabrosa 
Limestone.

Mlsslsslpplan

Escabrosa Limestone
UnitNo.
29

28

Thickness 
(In feet) 

Unit Total
Dolomltio Intrasparlte to very
fine grained calcareous sandstone*
moderate red (5R4/4), weathers pale
red (10R6/2)t quartz and calclte
grains In calclte cement; cement
very coarsely crystalline, crystals
up to i inch; dolomite throughout
unit; rare braohlopod fragments;
samples 292 and 2 9 3 . . . . 5  610

Covered interval. ...................30 605
27 Silty calcirudltes grayish red

(10R4/2), weathers grayish orange 
pink (10R8/2)* fine gravol sized 
limestone clasts; sutured grain 
contacts; silt along contacts; 
finely laminated, some crinoid hash; 
samples 162 and 1 6 3 . . . . . . . . . . . . . . . 9

26 Covered Interval, fragments of red
clastic breccia.... ..10

25 Calclrudlte* pale yellowish brown
(10YR6/2), weathers greenish gray 
(506/1 ); fine gravel sized lime
stone grains with sutured contacts; 
rare braohlopod and crinoid frag
ments; iron oxide along grain
sutures; samples 159 to l 6 l .20 

24 Covered Interval,.....................13

575

566

556
536

23 Dolomltio dismicrite to dolomltio 
pelletlc biosparruditet olive gray 
(5Y4/1) to medium dark gray (N4),
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weathers light brownish gray 
(5YB6/1) to light brown (5YR6/4)i 
braohlopod fragments, crinoid stem 
fragments* fine grained in lower 
part of unit, coarsens upwards; 
dolomite increases upwards; some 
iron oxide present in upper beds; 
unit not well exposed, thin bedded
in places; samples 153 to 158.e..•••#•52 523

22 Covered i n t e r v a l . .15 4?1
21 Silty foraminiferal biomioropel-

sparitei pale yellowish brown 
(10YR6/2), weathers light brown 
(5YR6/4); smaller foraminlfers, 
bryozoans, crinoid stem fragments, 
other fossil hash in pelletal 
matrix; thin to medium bedding;
samples 150 to 1 5 2 . . . . . . . . . . . . . . . . . . 2 0  456

20. Covered Interval,.....................15 436
t? Forrminiferf*.! blopelsp?,rlte t pale

yellowish brown (10YR6/2), weathers 
light brown (5YH6/4); smaller 
foraminlfers, braohlopod fragments, 
rare crinoid stem fragments in 
pelletal matrix; coarse sand sized 
fossil fragments with micritic
rims; samples 14? to 149....... ,,.,..15 421

18 Covered interval......................10 406
1? Silty to sandy bryogoan blospar-

ruditei grayish red (584/2) to 
blackish red (5B2/2), weathers pale 
reddish brown (10R5/4); 4 foot 
interbed of biosparrudite olive 
gray (5X4/1), weathers to light 
brownish gray (5XB6/1); bryozoan, 
smller foraminlfers, coral 
fragments, gastropods; fossils 
filled with silt; upper clastic 
unit 9 feet thick, lower clastic



16

15

14

13

12

11

unit 7 feet thicki samples 144
to 146..,............... ............. 20 396

Crlnold blomlcrosparltei brownish
gray (5YH4/1), weathers light
brownish gray (5YB6/1 ); crlnold
stem fragments, solitary rugose
corals, smaller foraminlfers,
bryozoans, brachiopods; middle part
of unit slightly silty, laminatedi
samples 140 to 143................... 32 376

Recrystallized crinoidal limestone; 
pinkish gray (5YR8/1) to light 
olive gray (5X6/I), weathers light 
olive gray (5X6/1); crlnold stem 
fragments only fossils recogniz
able; rock coarsely crystalline, 
massive, cliff forming; samples 136

113

to 139..... .......................... 38 344
Offset section 600 feet N58W across fault.
Recrystallized crinoidal limestone 1• 
similar to unit 1 5i samples 127 to 
132......... ......................... 50 306

Crlnoid-coral biosparitei olive 
gray (5^4/1), weathers light olive
gray (5X6/1); numerous crlnold stem
fragments, solitary rugose corals,
some 10 inches long, 1§ inches in
diameter; thin to medium bedding;
samples 125 and 126. .... ...20 256

Dolomitic intramiorlte; very light 
gray (N8), weathers to light 
brownish gray (5XR6/1); intra- 
clasts and rare crlnold stem 
fragments; some grains show 
pressure welded sutures where in 
contact; some patches of 
recrystallization In micritic 
field; thin to medium bedding;
samples 123 and 124.... ..............20 236

Crlnold blomicrosparrudite; very 
light gray (N8 ), weathers light 
olive gray (5X6/I); crlnold stem 
fragments, echinold fragments, 
small solitary rugose corals
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common, syringoporlds also 
presents lower 7 feet thin bedded, 
upper 23 feet forms single bench* 
samples 119 to 122............. ......30

10 Oosparltei light brownish gray
(5YB6/1), weathers same color* well
rounded fossil debris, coated*
sample 118................ ............6

9 Crlnold blosparrudltei light
olive gray (5Y8/I), weathers 
light brownish gray (5YB6/I)* 
crlnold stem fragments, brachlopod 
fragments, some recrystallized* 
thin to medium bedding* sample 1 1 7 . . . . 1 0

8 Dolomltlo dlsmlcrlte* light brown
ish gray (5YR6/1), weathers pale 
yellowish brown (10YR6/2)* 
dolomite rhombs and sparry 
recrystallized calclte* thin to 
medium bedding* sample 116,...........10

.7 Crlnold blomlcrosparrudltei
medium gray (N5) to light brownish 
gray (5YB6/I), weathers very light 
gray (N8 ) to medium light gray (N6 )* 
rare crlnold stem fragments * ghosts 
of other bloclasts* thin to medium 
bedding* samples 111 to 115. . 4 0

6 Dlsmlcrlte: light olive gray
(5Y6/1) to light gray (N7), 
weathers light gray (N7)* no macro- 
fossils* samples 109 and 110........,.20

5 Covered Interval. . 16

4 Dlsmlcrlte: similar to unit 6*
sample 1 0 8 . , . 1 0

3 Dolomltlo mlcrosparlte: light olive
gray (5Y6/1), weathers light brown
ish gray (tYR6/l)* very fine 
crystalline dolomite* bedding 
Indistinct* sample 107................10

2 Dolomltlo Intramlerosparrudlte:
very light gray (N8), weathers 
light brownish gray (5YR6/1)*

216

186

180

166

156

116
96

80

70



coarse sand to fine gravel sized 
limestone Intraclastsi crlnold stem 
fragments* sediment finely lamin
ated* Intraclasts slightly 
rounded * bedding indistinct* 
sample 106,.... .............,,,......10

1 - Dolomltic mlcrosparite to crlnold
biomicrosparlte * pinkish gray 
(5YR8/1) to light olive gray 
(5X6/1), weathers light olive gray 
(5X6/1) to light gray (N?)* 
dolomite decreases upward, crlnold 
stems increase upward * bedding
indistinct* samples 99 to 105.........50
Total thickness of Escabrosa 
Limestone............................610

Base of section covered by alluvium
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