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ABSTRACT

The Earp Formation is part of the Naco Group and was established 

by Gilluly, Cooper, and Williams (195U) with the type area in the Tomb

stone Hills. The maximum thickness of the Earp Formation reported in 

the type area is 595 feet which occurs at the type section on the south 
side of Earp Hill (Gilluly et al., 195k, p. 19)• In addition to the 

type section, four other sections of the Earp in the type area were 
measured by the author#

Fourteen fusulinid species assigned to four genera were col
lected from nine foraminiferal horizons in the Earp Formation# Nine 
unnamed species are described and illustrated, and Oketaella is report

ed for the first time in Arizona. The lower 380 feet in the Earp For
mation is characterized by Oketaella, Dunbarinella, and fairly advanced 
forms of Triticites. Triticites creekensis Thompson, an excellent 

Lower Wolfcampian guide fossil, occurs at the base of the Earp Forma

tion in one of the measured sections. The Wolfcampian guide fossils 

Schwagerina and Psuedoschwagerina are apparently missing in the lower 

part of the Earp section.

The upper 220 feet of the Earp Formation in the type area con

tains Triticites, Dunbarinella, and primitive species of Schwagerina. 

The geological age of the Earp Formation in the type area is Lower to 

Middle Wolfcampian.
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INTRODUCTION

Location
The area of study, the type area of the Earp Formation, is in 

the Tombstone Hills, south of Tombstone, Arizona,,along U. S. Highway 
80,.as shown in the index map (Fig* 1)* Numerous light duty and un

improved dirt roads allow.ready.access to most of the outcrops•

Parts of the following quadrangles cover the area of study and 
were used to prepare the geologic map and to indicate the locations 
of the measured sections and the fusulinid horizons:

Hay Mountains, 7*5 minute series,. 1957*
Tombstone, S.E., 7«5> minute series, 195,2.

Tombstone, 7»$ minute series, 19$2*

Purpose and scope of investigation 

The purpose of this investigation is to identify and describe 

the fusulinid fauna of the Earp Formation in the type area and from 

these results to correlate the Earp Formation with the better known 

formations of the Midcontinent, Texas, and the Great Basin and thus to 

determine more accurately the geological age of the Earp Formation.

The Earp Formation and the underlying Horquilla Limestone in 

the Tombstone Hills contain abundant and varied fusulinid fauna* Fus- 

ulinids were among the most important guide fossils during Permian and 

Pennsylvanian time, but very little has been published on the identifi 

cation and correlation of these fossils in southeastern Arizona. A

1
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Fige 1— Index map of Arizona and thesis area in the Tombstone 
HiUa, Cochise County, Arizona*



recent paper by Sabins and Ross (1963) on the fusulinids in the Ghiri- 

cahua Mountains is an important contribution. It is hoped that a 

study of the fusulinid fauna at the type area of the Earp Formation 

will be the basis for future fusulinid investigations in southeastern 

Arizona. The Permian-Pennsylvanian strata in this area are well ex

posed and usually quite accessible in most of the mountain ranges in 

Cochise, Pima, and Santa Cruz Counties.

Methods of investigation

Fusulinids were collected from foraminiferal horizons at and 

near the measured sections in the Earp Formation and the upper part of 
the underlying Horquilla Limestone in the Tombstone Hills area. Numer

ous thin sections of the fusulinids were made from each of the foramin

iferal horizons. The length and width of volution, the outside diame
ter of the proloculus, the chamber height, and the tunnel angle were 
measured from axial thin sections of each species. These species were 
then compared with other fusulinid species of known geological age 
that are described in the literature in order to determine the precise 
geological age of the Earp Formation in the type area.

Previous work

Ransome (190U) first defined the Naco Limestone based on the 
fossiliferous outcrops of Pennsylvanian age overlying the Escabrosa 

Limestone (Mississippian) near Bisbee, Arizona. At the same time, 

Girty (1901;) divided the fauna in the Naco Limestone into two groups, 

one group of early Pennsylvanian fossils and the other group of much 

later Pennsylvanian fossils (now recognized as Permian).

3
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More recently, Gilluly, Cooper, and Williams (195k t P» 16) 

elevated the Naco Limestone to group status and divided the Naco Group 

into six formations. From bottom to top these are the Horquilla Lime

stone (Pennsylvanian), the Earp Formation (Late Pennsylvanian and pos

sibly Permian), the Colina Limestone (Permian (?) and Permian), the 

Epitaph Dolomite (Permian), the Sherrer Formation (Permian), and the 

Concha Limestone (Permian), The type localities of these formations 

are designated in the Tombstone Hills and the Gunnison Hills (about 30 

miles north of Earp Hill) in Cochise County,

The Earp Formation in the type area has been assigned a Virgil- 
ian-Wolfcampian (?) age by Williams (in Gilluly, et al,, 195k» p» 38), 
Fusulinids are the most significant fossils in the faunal collections 

from the Earp Formation, Brachiopods, bryozoans, cephalopoda, corals, 
gastropods, and trilobites also are found in the Earp, but so little 
work has been done on this fauna that the information has little value 
for detailed age correlations,

Thompson (l95k.} pis, 16, 11) Illustrated two species from the 

"Naco Limestone" outcrops near Bisbee, Arizona, and several species 

from the "Naco Limestone" in the Swisshelm Mountains, Little other 

work has been published on the fusulinids in the Naco Group, Heribest 

listed and discussed, but did not illustrate, fusulinid species from 

the Earp Formation in the Gunnison Hills and one species from the Earp 

at Earp Hill (in Gilluly, et al,, 195U> p« 37), Sabins (1957) des

cribed the stratigraphic relationships and listed twenty fusulinid 

species, without description or illustrations, from the Earp Formation



in the Chiricahua and Dos Cabezas Mountains in the northeastern part 

of Cochise County«

In a later paper, Sabins and Ross (1963) describe and illus

trate the fusulinid fauna from the Earp Formation and the upper part 

of the Horquilla Limestone in the Chiricahua and Dos Cabezas Mountains« 

Twenty-three species, of which six are new, are described and illus

trated from the Earp Formation; four species, one new, from the Hor- 

quilla Limestone; and one new species of Parafus^l1na from the Concha 
Limestone in the Empire Mountains in the southeastern part of Pima 
Countye

Sabins and Ross called the interval where Schwagerina occurs, 
but Psuedoschwagerina does not, Post-Virgilian. Russian geologists 

recognize the first appearance of Psuedoschwagerina as the beginning 

of the Permian (Likharev, 1958), whereas American geologists have 
called the first appearance of Schwagerina the beginning of the Permian 

(Thompson, 195U); however, there is some question about the correlation 

of Late Pennsylvanian-Early Permian fusulinid assemblages between Rus

sia and the western hemisphere (Ross, 1963, pp, 1*5-U6)# According to 

Sabins and Ross's definition of the Post-Virgilian, the entire fusu

linid assemblage of the Earp in the type area can be assigned to this 

time zone which is described as the Lower Wolfcampion by previous 

authors.
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GENERAL GEOLOGY OF THE TYPE AREA OF THE EAR? FORMATION 

Pre -Pennsylvanian rocks

Precambrian metamorphics assigned to the Pinal Schist, the 

Bolsa Quartzite (Cambrian)5 the Abrigo Limestone (Cambrian), the Martin 

Limestone (Devonian), and the Escabrosa Limestone (Mississippian) are 

exposed in the Tombstone Hills area and underlie the Naco Group 
(Gilluly, 1956, pi. 5).

Naco Group
The Naco Group, as defined by Gilluly et al» (195U, pp* l$-l6) 

in the Tombstone Hills area, is approximately 3000 feet thick and is 

composed primarily of marine limestones with minor amounts of elastics 
and dolomites. Formations of the Naco Group that are present in the 

Tombstone Hills range in age from Atokan to Leonardian (?) (Lower Penn
sylvanian to Middle (?) Permian).

Horquilla Limestone (Pennsylvanian).— The Horquilla Limestone 

is the lowest formation in the Naco Group and lies disconformably on 

the Escabrosa Limestone. The Horquilla consists of a series of thin- 

bedded, blue-gray limestones that usually contain small fusulinids less 

than 6 mm in length. A pinkish tinge on a fresh fracture is character

istic of the limestone. About 1000 feet of Horquilla Limestone are ex

posed in the Tombstone Hills section, and these beds usually form gentle 

sloping hills (Gilluly, 1956, pp. 36-37).
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Earp Formation (Permian)»— The Earp Formation conformably over- 

lies the Horquilla Limestone and contains a higher percentage of elas

tics than any other formation in the Naco Group. About 600 feet of the 

Earp are exposed in the type section at Earp Hill with abundant fusu- 

linids that range from Lower to Middle Wolfcampian age. The Earp is 

generally found underlying areas of low to moderate topographic relief. 

The lower part of the formation, where present, forms gentle slopes 

and passes upward into fairly persistent ledges in the middle part of 

the Earp. The upper part of the formation is dominated by a ledge- 

slope topography and grades upward into the more massive limestone 
ledges in the overlying Colina.

Colina Limestone (Permian).— The Colina Limestone conformably 
overlies the Earp Formation and is the most widespread formation of the 

Naco Group in the Tombstone Hills area. The Colina reaches a maximum 
thickness of 630 feet in the type section on the west side of Colina 

Ridge. It is a dense, massive limestone that is gray to black on the 

fresh fracture. Thin veins of white calcite in the black limestone are 
diagnostic, and intercalated sandstones and shales occur in minor 

amounts. Numerous ridges in the Tombstone Hills are capped by the Co

lina Limestone because it forms massive cliffs that are relatively re- 

sistent to erosion, and, seemingly, wherever the Earp crops out in the 

type area, it is capped by the Colina (Gilluly, 1956, pp. U2-U3).

Epitaph Dolomite (Permian).— The Epitaph Dolomite is 780 feet 

thick in the Tombstone Hills and conformably overlies the Colina Lime

stone. The Epitaph contains medium to light gray dolomite in the lower 

part of the formation and an increasing amount of red shale toward the



9
top of the formation. The uppermost part of the Epitaph includes dolo

mite, limestone, red shale, and thin sandy layers (Gilluly, 1956, pp.

hh-kB).
Sherrer Formation (Permian) and Concha Limestone (Permian).—  

These formations are in the upper part of the Naco Group but are not 

found in the Tombstone Hills, apparently having been eroded before Cre

taceous time. They are exposed in the Gunnison Hills, the type area.

Post-Paleozoic rocks

Above the Paleozoic rocks, a marked unconformity is noted in 

the Tombstone Hills area. The Glance Conglomerate (Cretaceous) and the 

Bisbee Formation (Cretaceous) overlie the Naco Group, the Glance Con
glomerate varying greatly in thickness and lithology. The Bisbee 

Formation in the Tombstone Hills, as used by Gilluly (1956, p. 70), is 
an undifferentiated part of the Bisbee Group.

The younger rocks in the Tombstone Hills area include intrusive 

rhyolite, the Uncle Sam Porphyry (Tertiary (?)), the Schiefflin Grano- 
diorite (Tertiary) and Quaternary alluvium. The age of the intrusive 

rhyolite has not been determined but is at least post-Horquilla and 

probably Tertiary, as shown by crosscutting relationships. The Uncle 

Sam Porphyry cuts through the Colina Limestone, the Epitaph Dolomite, 

and the Bisbee Formation and is cut by the Schieffelin Granodiorite. 

Quaternary alluvium fills the intermontane basins and is widespread in 

the Tombstone Hills area (Gilluly, 1956, pp. 86-95).



STRATIGRAPHY OF THE EARP FORMATION 

General statements

The Earp Formation as established by Gilluly et al« (195U» Pe 

18) crops out at numerous localities in the type area, the Tombstone 

Hills, where the type section was designated as the south slope of 

Earp Hall in sec, 5, T, 21 S., R, 23 E., Cochise County, No contin

uous unfaulted section of the Earp Formation has been reported in the 

type area nor in the general vicinity of the Tombstone Hills, In ad

dition to the type section, four other sections of the Earp were meas
ured and are reported in this study. The type section is £95 feet 

thick, considerably thicker than any of the other measured sections 
which have apparently been thinned by faulting.

Gilluly et al, (195U> pp, 18-22) assigned to the Earp Forma
tion that part of the Naco Group where the elastics become dominant 
over the limestone. The Earp Formation may be further subdivided in 

the type area into an upper, middle, and lower member. These members 
can be recognized at Earp Hill, the northeastern ridge at Epitaph Gulch, 

and the south side of Government Butte. The lower member of the Earp 

Formation consists predominantly of brown shales, shaly limestones, and 

a few limestone ledges. These beds, if present, form gentle low-lying 

slopes, but usually are concealed, removed by faulting, or eroded away.

The middle part of the Earp Formation is made up of mottled 

pink, white, and gray limestones and dolomites that form prominent

10



11
cliffs and ledges. Lenses and aligned nodules of orange, tan, and 

white chert are generally present with the limestones and dolomites. 

This assemblage of beds forms an excellent "marker zone" that Gilluly 

et al. (195U, pp. 18-19) described in detail at the type section and 
recognized at the south side of Government Butte and the northeastern 
ridge at Epitaph Gulch.

Dolomite and dolomitic limestone ledges that weather to a dis

tinctive "orange-tan" color best characterize the upper member of the 

Earp Formation. The color terminology of Gilluly, Cooper, and Williams 

is used throughout this thesis so that a comparison can be made between 

their sections and the author*s work. The "orange-tan" of Gilluly, 

Cooper, and Williams would be closest to 10YR6/6 in the National Re
search Council Rock-Color chart. Brown shales alternate with the dolo

mite and dolomitic limestone ledges to form a ledge-slope topography 
near the top of the Earp Formation. This assemblage of beds is also 
recognized at Earp Hill, the northeastern ridge at Epitaph Gulch, and 

the south side of Government Butte. The top of the Earp Formation is 
placed where the "orange-tan" weathering dolomites are succeeded by 

the massive black limestone ledges in the overlying Colina Limestone 

(Gilluly et al., 195U> P* 19).
The structural geology in the Tombstone Hills area is complex: 

after the Cretaceous Period, thrust and normal faulting deformed the 

entire Tombstone Hills area. Primary thrust faults have a dominantly 

eastward trend, and the apparently later secondary thrust faults show 

northerly trends (Gilluly, 1956, p. 128).



The Earp appears to have been deposited under normal marine 

conditions. At present, there is no geological evidence in the type 

area to indicate emergence during Earp time, and apparently deposition 

was also continuous during the time of deposition of the underlying 

Horquilla and the overlying Colina Limestone# The predominance of 

elastics in the lower part of the Earp suggests a time of shallow seas, 

and the limestones that dominate the middle part of the section prob

ably indicate a return to quieter deposition farther offshore# The 

ledge-slope topography in the upper part of the formation may indicate 

oscillating seas, but, by Colina time, rather uniform conditions of 

marine limestone deposition were once more resumed (Gilluly, et al., 

1 9 %  p. 23).

12

Stratigraphy at the measured sections 
Earp Hill, type section (Section l U  in sec# 5, T# 21 S». R .

23 E«).— Gilluly, et al. (195U, pp# 18, 19) designated as the type 
section the exposure of the Earp Formation on the south side of Earp 

Hill. No continuous unfaulted section of the Earp Formation has been 
reported in the type area, the Tombstone Hills, nor in the general 

vicinity. The maximum thickness of the Earp Formation, $95 feet, oc

curs at the type section, and is more than twice the thickness of any 

other section of the Earp measured for this report.

The type section of the Earp Formation may be arbitrarily di

vided into an upper, middle, and lower part. The lower part of the 

Earp Formation is about 366 feet thick and consists predominantly of 

shales interbedded with shaly limestones, some sandstones, and several
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limestone ledges. The base of the Earp Formation is chosen where the 

thin shaly limestones and the reddish shales succeed the massive gray 

limestones in the Horquilla (Gilluly et al,, 19$hf p. 19) • The Earp- 

Horquilla contact is exposed in only one other section measured for 

this report (Section IV). As pointed out by,Gilluly (1956, p. 39), 

the base of the Earp is relatively weak and was usually sheared during 

deformation, acting as a gliding zone for more competent rocks above 
and below.

The middle part of the Earp Formation is approximately llJj feet 

thick and contains less elastics than the upper or lower parts of the 

formation. Massive pink and white limestone and dolomite ledges and 

cliffs with aligned stringers and nodules of chert dominate this part 
of the section. Minor amounts of shale and shaly limestone are as

sociated with these beds. This assemblage of beds forms a prominent 

"marker zone" that is also described in this report from the south side 
of Government Butte and along the northeastern ridge at Epitaph Gulch.

The upper part of the Earp Formation is 115 feet thick. The 

beds are predominantly pink, laminated dolomites that weather to a 

brilliant orange, red, or "orange-tan." These dolomites have been 

recognized at Government Butte and along the northeastern ridge at 

Epitaph Gulch. Minor amounts of sandstone, shale, and several lime

stone ledges are interbedded with the assemblage of red, orange, and 

"orange-tan" dolomites in this part of the section.

The upper boundary of the Earp Formation is designated as the 

top-most of the "orange-tan" weathering dolomites. Black limestones 

in beds 2 to U feet thick are found at the base of the overlying
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Colina Limestone* Because deposition apparently was continuous at the 

time, the Earp-Colina boundary, by its very nature, is somewhat grada

tional (Gilluly et al., 195k, p* 19)*

The beds in the type section of the Earp Formation trend north
west and dip about I4O0 N,E* Gilluly (1956, p, 128) suggests that an 

east-west trending thrust fault with 200 to 300 feet of displacement 
along the bedding plane at the type section separates the base of the 

Earp Formation from the Horquilla limestone below* In addition, at 

least three high angle thrust faults downstepped large blocks of the 

type section, and the blocks were lowered in a progressively eastward 
direction*

Earp Hill, southeastern corner (Section V in sec* It, T* 21 S .,

R* 23 E .).— At the southeastern corner of Earp Hill, 17U feet of the 

Earp Formation are exposed* These beds strike northeasterly and lie 

nearly horizontal* More nonclastics (55 percent) are present in Sec
tion V than in any other measured section.

Measured section V may be divided into the three parts as prev
iously defined. The base of the formation (as defined by Gilluly et al*, 

1954, p. 19) is covered or missing here, and only 36 feet of beds as
signed to the lower member of the Earp are exposed. Several limestone 

ledges are found interbedded with shales. For the most part, these 

beds are covered or concealed*

Seventy-eight feet of the measured section have been assigned 

to the middle part of the Earp Formation* Massive pink, white, and 

gray limestones form prominent cliffs and ledges dominating this part 

of the section. The aligned orange, tan, and white chert lenses and



nodules are also common here; interbedded shale occurs in minor amounts« 

This assemblage of beds is characteristic of the "marker beds" that 

Gilluly et al. (195k} P« 19) describe at the type section and recognize 

at Government Butte and the northeastern ridge at Epitaph Gulch.

The upper 60 feet of Section V contain red, maroon, and orange- 

tan limestones and dolomites that are generally laminated and inter

bedded with brown shales forming a ledge-slope topography# The boundary 

between the Earp Formation and the Colina Limestone is gradational and 

is placed where the massive black limestones and the interbedded shales 

in the Colina succeed the uppermost reddish-maroon limestone ledge in 
the Earp Formation#

Epitaph Gulch, northeastern ridge (Section I in sec# 36. T# 20 
S., R. 22 E.).— At the northeastern ridge of Epitaph Gulch, 261 feet of 
the Earp Formation are exposed. The base of the formation has been re
moved by faulting, and the lower part of the formation rests on the 

Epitaph Dolomite (Permian). The top of the Earp conformably underlies 
the Colina Limestone, and the Colina caps the ridge. The measured sec

tion has approximately 35 percent nonclastics and 6$ percent clastic 

rocks and may be roughly divided into three members similar to those 

described from Earp Hill.

The lower 107 feet include predominantly brown shales and sev

eral limestone ledges. Much of this part of the formation is covered 

with alluvium and forms gentle slopes. The middle part of the formation 

(90 feet) consists of mostly pink and gray limestones containing 
aligned nodules and stringers of orange chert. This assemblage of

15
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beds forms a prominent "marker zone" that Gilluly et al. (195U> p# 19) 

have noted and described in detail at the type section.

The upper 63 feet of the Earp Formation are composed of "orange- 

tan" dolomite and black limestone ledges interbedded with brown shales. 
The base of the overlying Colina Limestone is chosen where the black, 

massive limestone ledges succeed the uppermost of the "orange-tan" 
dolomites in the Earp Formation.

The beds in the Earp Formation at Epitaph Gulch strike north- 

west and dip kS° N.E. Seemingly, the "marker beds" (Units 8, 11, lit) 
are repeated twice in the section, separated by a covered zone probably 

containing shale. Evidently the shale acted as a gliding plane for 

bedding thrust faults that have repeated the more competent limestone 
"marker beds."

Government Butte (Section II in sec. 20. T. 21 S., R. 23 E«).—  

At the south side of Government Butte, Gilluly (1996, p. 12?) refers to 

a series of faults that are nearly parallel to the bedding and move 
younger beds over older beds. As a result of this faulting, Section II 

is stratigraphically thinner than other sections of Earp measured for 

this report. Missing in Section II are beds like those in the lower 

part of the type section, of the Earp Formation that Gilluly et al.

(19$U, p. 19) described.
The lower 107 feet in Section II consist of gray limestone 

ledges with aligned orange chert nodules interbedded with brown shales. 

This assemblage of beds strongly resembles the "marker zone" that has 

been described at the northeastern ridge at Epitaph Gulch and at Earp

Hill.
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The upper 20 feet of Section II contain brown shale underlying 

an "orange-tan" limestone ledge. Above the "orange-tan" limestone, a 

massive black limestone ledge ten feet thick forms the base of the 

Colina Limestone.

The beds in the measured section of the Earp Formation trend 

northeasterly and dip 32° N.W. About 50 yards southwest of measured 

section II, the dip of the beds rapidly approaches the vertical, and 

the beds become overturned in such a manner that part of the Earp For

mation is repeated underneath the measured section. In this way the 
beds may be said to "wrap around."

Government Butte (Section IV in sec. 21. T. 21 S., R. 23 E.).—  

On the south side of Government Butte, 198 feet of the Earp Formation 
are exposed in measured section IV. These beds lie nearly horizontal 

and strike in a northeasterly direction. Approximately equal amounts 
of elastics and nonclastics are present in the measured section. In 

a gulley at the bottom of the measured section, the Earp-Horquilla 
contact is exposed. Assuming that beds between the bottom unit of 

the Earp Formation and the underlying Horquilla Limestone have not been 

omitted by faulting, the Earp and the Horquilla are conformable, both 

formations having the same altitude.

Again, the Earp Formation is divisible into three members sim

ilar to the ones that have been described from Earp Hill and along 

the northeastern ridge at Epitaph Gulch. The lower part of the for
mation (108 feet) is predominantly brown shale interbedded with several 
limestone ledges. As a rule, these beds are covered with debris from
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the steep cliffs of the overlying Colina Limestone.

Thirty-six feet of the measured section are arbitrarily as

signed to the middle part. Massive pink and gray limestones dominate 

this part of the section. Missing are the orange cherts that are 

characteristic of the "marker zone" in the type section and the other 
measured sections.

The upper part of the Earp is Sh feet thick and consists of 

laminated limestone ledges that weather to an "orange-tan" color inter- 

bedded with brown shales. This assemblage is also characteristic of 
the upper member at the type section as well as the other measured 

sections. The base of the overlying Colina Limestone is somewhat 

gradational and is placed where the massive black limestone cliffs be
come dominant over the brown shale.

About $0 yards northeast of Section IV, the Colina Limestone 
crops out at the same topographical level as the "marker zone" in the 
measured section of the Earp, evidently resulting from a high angle 

faulting that has lowered the Colina relative to the Earp. Another 
fault, a low angle structure, has probably removed from Section TV 

most of the beds like those that Gilluly et al. (1951;, pp. 19-20) de

scribe in the 366 feet below the "marker zone" of the type section.
The base of the Earp and the "marker zone" in measured section IV 

are separated by only 108 feet of beds; whereas, in the type section 
(Section III), the base and the "marker zone" are separated by the 366 

feet of beds previously mentioned. Therefore, at least 2£8 feet of 

beds like those present in the lower member of the type section are
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missing in the lower part in measured section IV, apparently omitted by 

the bedding shears as suggested by Gilluly (1956, p. 39)•

Stratigraphic thicknesses

Gilluly et al. (195b, p» 18) report that no continuous un
faulted section of the Earp Formation has been found in the type area 

nor the general vicinity of the Tombstone Hills. The maximum thick

ness of the Earp reported in the type area is 595 feet at the type 

section on the south side of Earp Hill. The following thicknesses are 

reported from four other sections measured for this study:
Section I, northeastern ridge at Epitaph Gulch - - - - -  261 ft.

Section II, south side of Government Butte - - - - - - -  127 ft.
Section III, (type section) south side of Earp Hill - - - 595 ft.
Section IV, south side of Government Butte 198 ft.

Section V, southeastern corner of Earp H i l l -----------17b ft.

Apparently the thicknesses reported above are fault controlled. 

As previously mentioned, Gilluly (1956, p. 39) points out that bedding 
shears are nearly ubiquitous in the Earp Formation at the type area.

At the type section (Section HI) an estimated 200 to 300 feet of dis

placement along the bedding plane separates the base of the Earp from 

the Horquilla Limestone below (Gilluly, 1956, p. 128). In measured 

sections I, II, and V the base is covered or missing, and in Section 
IV, evidently the base is present, but much of the lower part of the 

formation has been removed by faulting.

In other localities, Gilluly et al. (195b* pp. 22-23) report 

577 feet of Earp at the Golden Rule Mine in the Dragoon Mountains and
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1126 feet of continuous Earp exposed in the Gunnison Hills. In the 

Whetstone Mountains area, Tyrrell (1957# p. 61) reports li80-575 feet, 

and Bryant (1955# p. 163) reports 700 feet at the Sands Ranch. Sabins 

and Ross (1963# p. 327) report 2700 feet in the Chiricahua Mountains 
section. Apparently the Earp thickens to the northeast. Bryant (1955# 

p. 103) suggests several possible reasons to account for these discrep
ancies in the thicknesses: these include regional thickening, unrecog

nized repetition due to faulting, facies changes to Earp lithology in 

the upper Horquilla Limestone, or incorrect choice of boundaries.

The apparent lack of beds of Virgilian age in the Earp at the 

type area is difficult to explain. In other areas, Tyrrell (1957# p. 

67) assigns 365 feet to the Virgilian in the Whetstone Mountains; in 

the Chiricahua Mountains about I4O feet at the Portal locality and 21*0 
feet at Dunn Springs Mountain are assigned to the Virgilian by Sabins 
and Ross (1963# text-fig. U).

Gilluly et al. (195U# p. 19) state;- that on the lower slopes of 
Earp Hill, due south of the crest, "there appears to be no erosional or 
other discordance with the underlying Horquilla Limestone." In a later 
paper, Gilluly, commenting again on the structure of Earp Hill, refers 

to a northward-dipping bedding thrust with a few hundred feet of dis

placement separating the base of the Earp from the underlying Horquilla 

and connected in origin with a sharp fold in the Horquilla Limestone 

(Gilluly, 1956, p. 128). Gilluly then refers to pi. 6 and shows a 
cross section through Earp Hill in which a southward-dipping normal 

fault drops the southern block with respect to the northern block. At 

present, three lines of evidence seem to confirm a thrust fault at the
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base of the type section: 1. The apparent discordance between the

Earp Formation and the underlying Horquilla Limestone near the base of 

the type section (Gilluly, 19J>6, pi, $); 2. Triticites creekensis Thomp 

son has not been found near the base of the type section but occurs at 

the base of measured section IV, apparently being covered or missing at 

the type section; 3, The apparent lack of Virgilian beds in the lower 

part of the type section and the other sections of measured Earp in the 
type area.

Assuming that at least 375 feet of Virgilian beds have been 

removed by faulting in the type section and taking into consideration 

the 237 feet that Gilluly et al, (195U> P» 23) allow for "reasonable 

selection of boundaries," the Earp Formation in the Gunnison Hills and 

the Tombstone Hills was essentially the same thickness before deforma
tion, The Gunnison Hills section may be close to the true stratigraph

ic thickness, and the section in the Tombstone Hills seemingly repre
sents the upper part, the lower part being covered or missing.

The 2700 feet reported in the Chiricahua Mountains (Sabins and 

Ross, 1963) quite possibly can be attributed to unrecognized repetition 

due to faulting. In the lower 1800 feet of the section, Triticites 

creekensis Thompson, associated with cherty limestones, recurs every 
L00-600 feet. Normally, fusulinid species do not occur over such a 

long stratigraphic range (Thompson, 195U), In the Tombstone Hills 

and the Whetstone Mountains, T. creekensis is reported in only one 

horizon at each locality. An increased amount of elastics and red beds 

in the upper part of the formation in the Chiricahua Mountains (Sabins
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and Ross, 1963, text-fig. k) indicates a facies change which may account 

for the unusually thick sequence in this locality*

These explanations still leave unsolved many problems about the 

apparent discrepancies in the thickness* Unfortunately, no lithologic 

units nor any fusulinid zones in the Earp have been shown to persist 

from area to area, so any conclusions are highly tenuous until more 

field data are available. A detailed study of the fusulinid fauna in 

the Gunnison Hills would be a preliminary step in solving the problem 

of stratigraphic thickness in the Earp Formation,



GENERAL PALEONTOLOGY

The rr.egafauna in the type section of the Earp Formation is dis

cussed and correlated by J. S. Williams (in Gilluly, et al., 19Shi PP* 

3U-38). The following summary has been prepared from their work*

Corals, brachiopods, bryozoans, echinoid spines, gastropods, 

cephalopods and trilobites occur, some abundant, some scarce. The 

majority of these fossils have little or no age significance, espec

ially the fossils found in the lower part of the Earp Formation* The 
following index fossils are listed from the type section at the Tomb

stone Hills and the Earp section in the Gunnison Hills, and the age 
connotations are discussed by Williams:

Brachiopoda —
Neospirifer kansasensis (Swallow); Late Pennsylvanian-Early 

Permian
Neospirifer dunbari King; Late Pennsylvanian
Derbyia ciscoensis Dunbar and Condra; Late Pennsylvanian

Brachiopods that are characteristic of the lower half of the Pennsyl
vanian Period have not been found in the Earp Formation*

Duncan (in Gilluly et al., 195U, p. 37) identified the Bryo- 

zoa and suggested that the following genera might be stratigraphically 

significant:

Bryozoa —
Septopora; Late Pennsylvanian-Permian (?)
Meekopora; commonly found in the uppermost Virgilian beds 

but ranges from Silurian to Permian 
Fistulotrypa and Stenodiscus; Permian affinities (these two 

genera are found in the Gunnison Hills section)

23



J. B. Knight (in Gilluly et al«, 19Shs p, 38) has commented that the 
evidence from gastropods is not definitive and that two of the genera 

(Amphiscapha and Glabrocingulum) found in the Earp Formation are abund

ant in the Pennsylvanian System and are known to extend into the Leon- 

ardian Series® Perrenites sp. (or possibly Properrenites) was identi

fied by A. K, Miller (in Gilluly et al®, 1951*, p® 38) from the Gunnison 

Hills section indicating Leonardian or Wolfcampian age for the upper 
part of the Earp at this location.

In a later paper, Williams (in Gilluly, 1956, p® 1*9) reports 
several corals of Upper Pennsylvanian age from faunal assemblages in 
the Earp Formation: Caninia sp. and Psuedoromingeria (?) sp. A single

species of Ditomopyge, a Pennsylvanian-Lower Permian trilobite genus, 
has been recognized in the Earp fauna also.

Based on evidence from the megafauna, the Earp Formation is 
Middle Late Pennsylvanian to possibly Wolfcampian age in the Tombstone 
Hills area, and there is more evidence for Wolfcampian age in the Gun
nison Hills and the Dragoon Quadrangle where the formation is strati- 

graphically thicker than in the Tombstone Hills (Gilluly et al., 1951*, 

p. 30). Information from the megafauna at the type area is not defin

itive enough to place the formation accurately in the geological 

column, and in order to establish a more precise geological age, it is 

necessary to correlate the microfauna.



PENNSYLVANIAN-PERMIAN PALEOGEOGRAPHY OF SOUTHERN ARIZONA

Pennsylvanian-Permian deposits in southern Arizona include the 
Black Prince Limestone (Lower Pennsylvanian) (Nations, 1963), the Naco 

Group (Lower Pennsylvanian-Middle Permian) as defined by Gilluly et al. 

(193b), and the Rain Valley Formation (Middle Permian) (Bryant and 

McClymonds, 1961). These deposits are present in most parts of south

ern Arizona and extend into New Mexico to the east and Sonora to the 

south. To the north the Naco Group conformably underlies the Supai 

Formation (Virgilian (?)-Leonardian (?)), and to the west the Pennsyl

vanian-Permian deposits thin out and apparently are missing in the 
southwestern quarter of the state (Stoyanow, 19U2, pis. i, j).

Eardley (1962, pis. 7, 8) shows that southeastern Arizona was 
a basin of deposition throughout Pennsylvanian and Permian time. At 
the same time there were positive areas where deposits representing the 
various periods were missing or relatively thin due to non-deposition 
or erosion in central and northeastern Arizona as well as a high

land in southwestern New Mexico, the Florida uplift (Eardley, 1962, 

pis. 7, 8). Wilson (1962, pp. 23, 28) further divides the Paleozoic 

positive areas in Arizona into Mazatzal Land the the Defiance 

Positive Area in central and northeastern Arizona, respectively. The 

Defiance-Mazatzal Positive Area was a prominent feature that influenced 

erosion and deposition during the early Paleozoic Era. This positive 

area was reduced to a small island in the eastern part of the state
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during the Pennsylvanian Period, and by the close of the Permian the 

entire positive area was covered with sediments• Continental Permian 

deposits rest directly on Precambrian quartzites in various localities 

in the Defiance-Mazatzal Positive Area* A complete absence of marine 

deposits at or near the Defiance-Mazatzal Positive Area and the near
shore facies that extend to the south and west of the positive area are 

evidence of the former existence of this large land mass during early 

and middle Paleozoic times (McKee, 1951* p« 1*88)#

A positive area southwest of Arizona during the Paleozoic was 

first suggested by Schuchert (1910), and on the basis of limited iso- 

pach data this may be true, but there is not much known about the 

existence of such a land mass (McKee, 19#L, p. I488).
Continental and marine sediments were probably derived from a 

common source, the Uncompahgre-San Luis Highland of southern Colorado 
and north-central New Mexico, during the late Paleozoic. The contin

ental sediments were deposited from time to time in shallow basins in 

northern and northeastern Arizona and overlapped the Defiance-Mazatzal 
Positive Area, and the marine deposits made up the Naco Group and equiv
alent rocks in the southeastern part of the state, as well as the 

marine facies of the Pennsylvanian and Permian rocks in northern and 

northeastern Arizona.

That the Ouachita and the Cordillerian systems were intercon

nected and formed one continuous seaway during the late Paleozoic is 

now well established (Eardley, 1962, pis. 1, 8). Geological evidence 

indicates that deposition continued across Arizona during the Pennsyl

vanian and Permian periods, although erosion and metamorphism have
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eradicated a great amount of the sedimentary record in Yuma, Maricopa, 

and western Pima Counties (McKee, 1951, p. U91)#
After examining Cretaceous (?) conglomerate beds composed of 

pre-Mesozoic rocks in western Arizona, McKee (I9lt7, p* 292) concludes 

that west-central Arizona was covered by marine waters during Middle 

Permian and possibly Late Pennsylvanian time and that these seaways 

connected the western Grand Canyon region to the north with those 

basins of deposition of corresponding age in southern and southeastern 

Arizona,,

Stoyanow (19U2, pp, 1276-1279), commenting on the paleontolog
ical evidence for such a late Paleozoic seaway in western Arizona, 

suggests that the brachiopod fauna in the western part of the state is 

intermediate between and resembles the Kaibab fauna in northwestern 
Arizona and the Permian fauna of the Naco Group in southeastern Ari
zona.

In the southeastern part of the state Pennsylvanian-Peimian 
deposition continued in deeper seas with only short interruptions•

The direction of the transgressions is not clear, Stoyanow (19^2, p. 

127U) states that Pennsylvanian-Permian transgressions came from the 

southeast because the deposits are thickest in the extreme southeastern 

part of the state• J« ¥. Skinner (personal communication, June, 1963) 

points out that the top of the Horquilla Limestone is younger toward 

the southeast which suggests that the advance of the sea was from the 

northwest in Pennsylvanian and Permian time*



At present, there is no geological evidence to indicate that 

during the later Permian (Ochoan, and at least later Guadalupian) the 

seas reached southeastern Arizona (Bryant, 1955* pp* 121-126),
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FUSULIN3D FAUNA

General statement

Fusulinids are a group of extinct, one-celled, microscopic, 

marine organisms that are commonly found in limestones and calcareous 

shales. Fusulinids are among the best late Paleozoic guide fossils. 

Major oil companies have done much published and unpublished work on 

this group in recent years because fusulinids are closely associated 

with oil and gas-bearing rocks. Fusulinids first appeared in Missis- 

sippian time, evolved rapidly during the Pennsylvanian and the Permian, 
and then declined abruptly and became extinct by the end of the 

Permian. Because this group is extinct, little information is known 

about the ecology of fusulinids. Dimorphism in fusulinids has been 
a subject of much controversy and appears to be present in some 

species but not others. No microspheric forms were recognized in the 
type area of the Earp Formation, but this is not to say that micro- 

spheric forms did not exist along with the more common megalospheric 
ones. Little is known about the rate of dispersal of fusulinids, and 

while the time element is generally considered negligible, this assump

tion may not be valid.
Myers (i960, p. 38) states that "the gradation between species 

is a factor that makes the fusulinids a valuable tool in correlation 

of rock units. This gradation often represents a continuous evolution

ary series and, therefore, the line of demarcation between species.
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and between genera, in some cases, can be vague." In general, the stage 

of evolution was a world-wide constant at a given time, but the species 

varied according to the geographical location (Skinner, personal commun

ication, June, 1963).

Fusulinids are the most important group of index fossils in 

the Naco Group, but too little work has been published to correlate 

these fossils in southeastern Arizona.

The following fusulinids from the Earp Formation (Virgilian- 

Wolfcampian) in southeastern Arizona were mentioned by Thompson (19$U> 

p. 26), Henbest (in Gilluly et al., 1 9 %  p. 37) and Tyrrell (1957,

p. 67):
Dunbarinella n. var.
Ozawainella sp.
Ozawainella (?) inflata Thompson
Paraschwagerina cf. P. kansasensis (Beede & Kniker) 
Psuedofusulina loringi Thompson 
Schubertella sp.
Schwagerina cf. S. longissimoidea (Beede) 
Schwagerina grandensis Thompson 
Triticites cullomensis Dunbar & Condra 
Triticites pygmaeus Dunbar & Condra 
Triticites secalicus (Say)
Triticites obesus (Beede)
Triticites ventricosus (Meek & Hayden) n. var. (?) 
Triticites aff. T. tumidus Skinner 
Triticites aff. T. rothi Skinner 
Triticites meeki (Miller)
Triticites creekensis (?) Thompson 
Triticites cf. T. subventricosus Dunbar & Skinner 
Triticites cf. T. callosus Dunbar & Henbest 
Triticites beedei Dunbar & Condra

In a more recent article, Sabins and Ross (1963, pp. 323-365) 
described and illustrated the following fusulinid species from the Earp 

Formation (Virgilian-Post-Virgilian-Wolfcampian) in the Dos Cabezas and 

the Chiricahua Mountains, Cochise County, Arizona:
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Triticites cnHomensis Dunbar & Condra 
Triticites cuchilloensis Needham 
Triticites of. T. plummeri Dunbar & Condra 
Triticites ventricosus sacramentoensis Needham 
Triticites cf• T. callosus Dunbar and Henbest 
Triticites rhodesi Needham 
Triticites meeki (MoHer)
Triticites tumidus Skinner 
Triticites creekensis Thompson 
Triticites pinguis Dunbar & Skinner 
Triticites ceUamagnus Thompson &. Bis sell 
Schwagerina dunnensis Sabins & Ross 
Schwagerina emaciata (Beede)
Schwagerina silverensis Sabins & Ross 
Schwagerina grandensis Thompson 
Schwagerina providens Thompson & Hazzard 
Schwagerina compacta~Twhite)
Schwagerina vervellei Thompson 
Schwagerina loringi ^Thompson)
Fsuedoschwagerina portalensis Sabins & Ross 
Rugofusulina sp«
Schubertella kingi Dunbar & Skinner 
Waeringella chiricahuensis Sabins & Ross 
Psuedoschwagerina uddeni~TBeede & Kniker)

In addition, Parafusulina empirensis Sabins and Ross is reported from 

the Concha Limestone (Leonard!an) in the Empire Mountains (Sabins and 

Ross, 1963, p, 330)•
Sabins and Ross (1963, p. 329) use the term 11 Post-Virgilian” 

for the interval where Schwagerina is present but Psuedoschwagerina is 

not, heretofore generally considered the lower part of the Wolfcampian. 

Russian geologists recognize the first appearance of Psuedoschwagerina 

in the type Permian as the beginning of the Permian Period (Likharev, 

1938), whereas American geologists consider the Permian in North 

America starts when Schwagerina first appears (Thompson, 195Uj Roth, 

1931). Kahler and Kahler (1937) suggest that the genus Psuedoschwag

erina is more advanced when it first appears in North America than its

first Russian counterpart. Ross (1963, pp. U5-U6) also notes that the
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early Permian fusulinid fauna in Russia does not closely resemble the 

early Permian fusulinid fauna in North America, and the migration of 

species between the two areas was probably uncommon*

Whether or not the "Post-Virgilian” will be accepted is not 
relevant to this study* In this thesis the Post-Virgilian will be 

treated as a synonym;- of Lower Wolfcampian in order to conform with 

the more standard terminology used by previous workers in North 

America*

The Earp Formation
Zone of Triticites*— This zone occurs near the top of the Hor- 

quilla Limestone and is represented by a single unnamed species of 

Triticites* The morphologic features indicate that Triticites sp* A 
has reached the stage of evolution that characterizes middle to late 

Virgilian fusulinid assemblagesj i.e., the Virgilian part of the Hor- 
quilla Limestone in the C hiricahua Mountains of southeastern Arizona 

(Sabins and Ross, 1963)J the upper part of the Magdalena Limestone 

(Virgilian) in south-central New Mexico (Needham, 1937)J the upper part 

of the Gaptank Formation (Virgilian) in the Glass Mountains of west 

Texas (Ross, 1963); the Graham Formation (Virgilian) in north-central 

Texas (Myers, I960); and the Virgilian Series in the lower part of the 

Ferguson Mountain Formation, Elko County, Nevada (Slade, 1961)*

Zone of Triticites, Oketaella and DunbarineUa*— The lower 380 

feet of the Earp Formation in the type area is characterized by fairly 

advanced forms of Triticites and the apparent absence of Schwagerina

and Psuedoschwagerina* This fusulinid assemblage includes
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T. creekensis Thompson, Dunbarinella of. D. extenta Thonpson, Oketaella 

sp., and five or possibly six unnamed species of Triticites (see Fig. 

2). This fauna appears to be closely correlative with other fusulinid 

assemblages in the lower I4.OO feet in the Wolf camp ian part of the Fer
guson Mountain Formation, Elko County, Nevada (Slade, 1961)3 the lower 
6$ feet of the Bird Spring Formation (Wolfcampian) in the Providence 
Mountains in southeastern California (Thompson, Wheeler, and Hazzard, 

19U6)3 the Admire Group (Lower Wolfcampian) in Kansas (Thompson, 19510 3 
and the lower part of the Bursum Formation (Wolfcampian) in New Mexico, 

below the first appearance of Schwagerina (Thompson, 195U)«

The occurrence of T. creekensis at the base of the Earp Forma

tion on the southside of Government Butte (measured section IV) marks 
the beginning of the Permian Period and the start of the Wolfcampian 

Epoch in the Earp Formation at the type area.

Zone of Triticites, Dunbarinella, and Schwagerina.— The upper 
220 feet of the Earp Formation in the type area is characterized by the 

first appearance of primitive Schwagerina and advanced forms of Triti

cites 3 Psuedoschwagerina was not found. Species that are present in

clude Triticites cellamagnus Thompson and Bissell, T. ventricosus (Meek 

and Hayden), T. sp. D, Schwagerina cf. S. loringi (Thompson), one un

named species of Schwagerina. and Dunbarinella koschmanni (Skinner). 

This fauna is comparable to the fusulinid assemblages that are 

described from the Post-Virgilian part of the Earp Formation in the 

Chiricahua Mountains (Sabins and Ross, 1963)} the Bursum Formation 

(Lower Wolfcampian) in the Hueco Mountains of west Texas (Thompson,



SECTION I ii in IV V

Unit 10 7 39 31 k n 13 20 21

Species
ZTriticites creek- 

ensis Thompson
T. ceUamgnus 
Thonpson & Bissell

z

T* ventricosus 
(Iteek & Hayden)

z

T. sp. A Top of tte Hoiquill i Ls.,, SECTIONS in &IV

T. sp. B z

(?) T. sp. C z

z Z

T. sp. E z
T. sp. F and
7. 3p* Q

%

Dunbarlnella cf.
D. extents Thonpjwm

z

D. koschmannl 
I^lraier)

z
Schwagerina cf. S. 
loringj. (Thonpso:0

Z

S. sp. (UA-5k6) z

Cketaella sp. X

Pig* 2—-ULstributltm of fusulinld species in each measured 
section Tccibstone Hills, Cochise County, Arizona.
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195k) i the lower part of the Council Grove Group (Wolfcampian) in Kansas 

(Thompson, 195k)> most of the Pueblo Formation (Wolfcanpian) in north- 

central Texas (Thompson, 195k)$ the lower 200 feet in the Wolfcampian 

part of the Oquirrh Formation in the Wasatch Mountains, Utah (Thompson, 

195U) i and part of the Wolfcampian Series in the Ferguson Mountain 

Formation, Elko County, Nevada (Slade, 1961)•

Duribarinella koschmanni which occurs 5h feet below the top of 

the Earp Formation on the south side of Government Butte is the highest 

fusulinid reported in this study at the type area of the Eaip Formation. 

This species resembles the "topotypes" reported by Thompson (195k) pie 

22, figs. 9-10j pi. 23, figs. 1-1;) in the Neva Limestone (Middle Wolf
campian) of the Council Grove Group in Kansas.

In summary, the fusulinid fauna in the Earp Formation in the 

Tombstone Hills may be divided into two zones. The lower 380 feet of 
the formation contains Duribarinella, Oketaella. and fairly advanced 
forms of Triticites. The upper 220 feet in the formation are charac
terized by the first appearance of Schwagerina along with highly ad

vanced species of Triticites and Duribarinella» This fauna resembles 

other Lower to Middle Wolfcampian fusulinid assemblages described in 

the Great Basin, Southwestern United States, Texas, and the Midcontin

ent area. The Pennsylvanian-Permian boundary in the Tombstone Hills 

is placed near the base of the exposed portion in measured section IV, 

Government Butte, below the first appearance of Triticites creekensis 

Thompson (in Unit U)•



Repository«— Specimens described in this report are held in the 

paleontology collection. Department of Geology, University of Arizona, 

Tucson, Arizona, and are numbered consecutively starting with UA-500e
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SYSTEMATIC PALEONTOLOGY

Family FUSULJMDAE Holler, 1878 
Subfamily SCHWAGERBIINAE Dunbar & Henbest, 1930 

Genus TRITICITES Girty, I90I4.

Triticites creekensis Thompson 
Figs. 3a, 3b, 3c, 3e

Triticites creekensis THOMPSON, 1 9 %  Univ. Kansas Paleont. Contrib., 
Protozoa, Art. 9, p. 1|2, pi. 9, figs. 22-26, pi. 10, figs.
1-13; SLADE, 1961, p. 73, pi. 10, fig. k; SABINS & ROSS,
1963, p. 3U3, pi. 35, figs. 17-21.

Description.— Triticites creekensis is a moderately large shell 
that is fusiform and slightly inflated. Mature specimens have seven or 
eight volutions and commonly reach 8.2 mm in length and it.O mm in width. 
The poles are pointed, and the lateral walls are slightly convex to 
slightly concave. The axis of coiling is straight.

Five specimens were measured; average form ratios from the 
second to the eighth volution vary from 1.7 to 1.9. lie proloculus 

is medium size and averages 23U mu. The tunnel follows a fairly 

straight path, and the average values for the tunnel angle from the 

third to the eighth volution are 17, 18, 22, 26, 30, and 1*0 degrees, 
respectively. The chamber heights increase rapidly in the inner vol

utions and remain nearly constant in the outer whorls; average chamber 

heights from the third to the eighth volution are 128, 170, 206, 257,
21*7, and 256 mu, respectively. Averages of the cell wall thicknesses

37
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are 2k, 37, h9, 77, 93, 10$, and 93 mu from the second to the eighth 
volution, respectively*

The chomata are irregular or tabular and usually moderate in 

the early whorls, becoming more reduced in the outer whorls * The septa 
are fairly plane near the proloculus and show moderately intense fold
ing in the polar regions *

Discussion*— Triticites pinguis Dunbar & Skinner closely re

sembles To creekensis but is more inflated and usually has additional 

volutions • T. califomicus Thompson & Hazzard has much looser coiling, 
more delicate septa and more tightly folded septa in the polar regions* 

T* ventricosus (Meek & Hayden) is a larger shell with greater form 

ratios, more intensely folded septa and more reduced chomata than T. 

creekensis* T* subventricosus Dunbar & Skinner has more delicate and 

more intensely folded septa and the chomata are less massive*

Occurrence*— Triticites creekensis is an excellent Post- 
Virgilian or Lower Wolfcampian guide fossil in the Great Basin- 

Southwestern United States region. Thompson (19$U, p. U3) reports T. 
creekensis in the Camp Creek Shale (Lower Wolfcampian) of the Pueblo 

Formation in north-central Texas and in the Bur sum Formation (Lower 
Wolfcampian) of New Mexico* T. aff* T« creekensis and T* cf* T* 

creekensis are reported from the Wolfcampian Formation (Lower Wolfcamp

ian) in the Glass Mountains, Texas (Bostwick, 1962, text-fig. 2).

Slade (1961, text-fig. 2) reports T. creekensis near the base of the 

Wolfcampian Series in the Ferguson Mountain Formation, Elko County,

Nevada*
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In Arizona, T, creekensis is reported occurring once every 1*00 

600 feet in the lower 1800 feet of the Earp Formation (Post-Virgilian 
and Wolfcampian) in the Ghiricahua Mountains (Sabins and Boss, 1963, 

p» 31*3 )• Tyrrell (1957, p» 67) places the beginning of the Wolf camp
ian Series at the first appearance of T. creekensis (?), 365 feet 

above the base of the Earp Formation in the Whetstone Mountains.

In the Tombstone Hills, To creekensis is abundant in at least 
one location and is associated with Oketael ~l a sp# and T, sp. E. at 7 

feet above the base of the Earp (Lower Wolf campian) in measured sec

tion IV (Unit 1*) on the south side of Government Butte« Because To 

creekensis has a relatively restricted stratigraphic range within the 

Lower Wolfcampian in the Great Basin and Southwestern United States 

(Thompson, 1951*, p» 1*3), this species is useful for establishing a 
precise geological age in the type area0



Table I— Measurements of Triticites creekensis

iiO

SPECIMEN ua-5oo UA-501 UA-502 UA-503 UA-501*
LENGTH (mm) 8.2 . 7.7 7.3 7.3 6.3
WIDTH (mm) h.o 3.9 3.7: .3.5: 3.5
PROLOCULUS (mu) 28U 200 267 23U 183
TUNNEL ANGLES (degrees) 
Volution 3 16 15 16 21
V4 16 19 22 „ 18 17V5 18 23 27 23 18V6 28 23 32 22 .30
V? 3U 2U 36 27 28V8 U2 1*0 — — . 37
CELL WALL THICKNESSES (mu) 
V2 2? 28 (?) 27 (?) 13
V3 ia 38 31 (?) (?)VU 58 55 38 U5 51
vf 85 69 85 69 75V6 92 103 96 85 99
V7 86 96 no 120 H 3V8 72 no — 96
CHAMBER HEIGHTS (mu) 
V3 117 115 167 117 125
VU 183 120 200 11*2 208
V5 217 183 250 183 200V6 2U2 267 300 200 275V7 250 250 267 231* 231*V8 267 281» — 217 ■ — .

FORM RATIOS
V2* 1.8 2.1 i.U 1.7 1.7V3 1.9 1.9 1.7 1.8 1.6
VU 1.8 1.8 i.U 1.8 1.6
v5 2.0 1.7 1.5 1.7 1.1*
V6 2.2 1.6 1.6 1.7 1.1*
V7 2.2 1.7 1.9 1.9 1.8
V8 — — 2.0 •*— — — mm mm



Triticites cellamagnus Thompson & Bissell 
Figs. 3d, lib, lie

Triticites cellamagnus THOMPSON 6 BISSELL, 195U, Univ. Kansas Paleon
tological Contrib., Protozoa, Art. 5, pp. Ii3-lili, pi. 10, figs. 
lll-17, pi. 11, figs. 1-12j p. 25, fig. 105 p. 28, fig. llij 
THOMPSON, DODGE & YOUNGQUIST, 1938, p. 121, pi. 19, figs. 13- 
13; SLADE, 1961 pp. 72-73, pi. 10, fig. 2 j SABINS and ROSS, 
1963, pp. 3li3-3lt6, pi. 36, figs. 13-1$.

Description.— Triticites cellamagnus Thompson & Bissell is a 
large fusiform shell with convex to concave lateral walls, a straight 

axis of coiling, and pointed poles. Mature specimens have six or seven 

volutions and commonly reach 8.$ mm in length and 3*7 mm in width.
Three specimens were measured. The proloculus is unusually 

large and averages 3U$ mu. The tunnel is straight and wide. Average 

tunnel angles from the third to the sixth volution are 26, 36, 35, and 
UO degrees, respectively. The cell walls are relatively thick and av

erage ill, 66, 77, 81, 107, and 122 mu, respectively, from the second to 
the seventh volution. Coiling is comparatively loose in the inner 

whorls 5 average chamber heights from the third to the seventh volution 
are 139, 192, 203, 232, and 216 mu, respectively. Form ratios average 
from 1.5 in the second volution to 2.0 in the sixth volution.

The chomata are moderate in the inner volutions and become dis

continuous and slope toward the poles in the outer whorls. The septal 

fluting is moderately intense along the axis of coiling and in the 

polar zones.

Discussion.— Triticites cellamagnus resembles T. californicus 

Thompson & Hazzard, T. ventricosus (Meek & Hayden), T. creekensis 

Thompson, T. pinguis Dunbar & Skinner and T. notus Thompson & Thomas.



To californicus has a smaller proloculus, much larger chamber heights, 

and more massive chomatao To ventricosus has a smaller proloculus, a 

larger shell, a narrower tunnel, and is more tightly coiled than To 

cellamagnus. To creekensis has a smaller proloculus, thinner cell 
walls and more massive chomata. T* pinguis has more massive chomata, 

a smaller proloculus, and a more subglobose test than To cellamagnus.

To notus is a smaller shell with a thinner spirotheca and has more mas
sive chomata also.

Occurrence,— Slade (1961, text-fig, 2) reports T, cellamagnus 

in the Ferguson Mountain Formation (Lower Wolf campion), Elko County, 

Nevada, Thompson (,19Sk» pp, fig, 10) reports T, cellamagnus in
the Oquirrh Formation (Wolfcampian) in the Wasatch Mountains in Utah 

and in the Lower Permian rocks of the Hueco Mountains in west Texas,

T, cellamagnus has also been reported in the Sublett Range (Lower Per
mian) in southeastern Idaho (Thompson, Dodge and Youngquist, 1958, p, 

121), Sabins and Ross (1963, text-fig. U) report T, cellamagnus in 
the Post-Virgilian part of the Earp Formation in the Ghiricahua Moun
tains of southeastern Arizona,

In the Tombstone Hills area, T. cellamagnus occurs in Lower 

Wolfcampian Series in the Earp Formation, 63 feet below the base of the 

Colina Limestone in Section II (Unit 7) on the south side of Government 

Butte. To affe T, cellamagnus occurs with Schwagerina cf. S. loringi 

(Thompson) in measured section V (Units 11 and 13) and is apparently re

worked
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Table II--Measurements <of Triticites ceHamagnus

SPECIMEN UA-508 UA-509 UA-510
LENGTH (mm) - 8.5 8.3 6.9
WIDTH (mm) 3.6;' 3.U 3.5
PROLOCULUS (mu)

TUNNEL ANGLE (degrees)
317 Uoo 317

Volution 3 27 22 30
Vit 33 39 37
V5 30 U3 .32
V6 Uo U6 U3V?

CELL WALL THICKNESS (mu)
36

V2 38 U3 U2
V3 69 63 65vu 75 85 72
v5 96 72 75V6 H U n o 96
V7 92 167 108
CHAMBER HEIGHTS (mu)
V3 133 i5o 130
VU 192 183 200
V5 192 216 200
v6 . 258 23U 206
v? 216 216 (?)
FORM RATIOS
V2 2.0 1.1 1.2;
V3 1.9 1.6 l.U
VU 1.9 1.6 1.U
v5 2.1 1.8 1.7V6 2.2 1.0 1.8
V7 2.3 — mmmm
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Triticites ventricosus (Meek & Hayden)
Figs. Ud, ke

Fusulina cylindrica var. ventricosa MEEK & HAYDEN, 1858, Acad. Nat*
Sci. Philadelphia Proc., vol. 10, p. 26l.

Fusulina cylindrica MEEK & HAYDEN, 1865, Smithson. Contrib. to Know
ledge, vol. l!i, p.. lit, pi. 1, figs. 6d-6g (referred to as var. 
ventricosa)•

i Triticites ventricosus (Meek & Hayden) DUNBAR & CONDRA, 1928, Nebraska 
Geol. Survey Bull. 2, 2nd ser., pp. 81*-91, pi. 3, figs. 2, U, 
6?; pi. it, figs. 1?, 3, 6; pi. 9, fig. 8; THOMPSON, 195U, pp. 
it0-it2, pi. Ik, figs. 1-9;? pi. 15, figs. 1-8; WHITE, 1932, pp. 
70-76, pi. VII, figs. 1-9; NEEDHAM, 1937, pi. IV, figs. U, 7,
8, 9; SLADE, 1961, pp. 71-72, pi. 10, fig. 1; ROSS, 1963, pp. 
113-115, pi. 8, figs. 1, 2, 5, 6, 8, 10; THOMPSON & THOMAS, 
1953, pp. bk-h7t pi. 7, figs. 1-k.
Description.— Triticites ventricosus is a large fusiform shell 

that is generally characterized by a straight axis of coiling, nearly 

rounded poles, and concave or convex lateral walls. Mature specimens 

have eight or nine volutions, and the Tombstone Hills specimens common

ly reach 11.9 mm in length and k»7 mm in width.
Three specimens were measured. The proloculus is large and av

erages 225 mu. The tunnel is fairly straight, and the tunnel angle 

averages 18, 19, 22, 25, 33, and 37 degrees, respectively, from the 
third to the eighth volution. Average chamber heights from the third 

to the ninth volution, respectively, are 107, IkO, 175, 208, 230, 218, 
and 293 mu. The cell walls are relatively thick and average 35, 52,
65, 68, 82, 109, 110, and 86 mu from the second to the ninth volution. 
Form ratios, from the second to the ninth volution, average l.k, 1.5, 

1.6, 1.7, 1.8, 1.8, and 2.0, respectively.
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The chomata are medium in the inner whorls and become discon

tinuous and slope toward the poles in the outer volutions. Septal 

fluting is intense along the axis of coiling and in the polar zones.

Discussion.— The specimens from the Tombstone Hills resemble 

closely the specimens that Thompson (1951** pi. H*-l5) assigns to T» 
ventricosus from Kansas. Oklahoma, and Texas« However, the Tombstone 

Hills specimens have a larger test and more tightly coiled outer volu
tions than the representatives of the same species that Thompson 
describes.

Triticites ventricosus closely resembles T. meeki (Holler), but 

T. meeki has greater form ratios, a wider tunnel, and is not coiled as 

tightly near the proloculus. T« cellamagnus Thompson & Bissell has a 

much larger proloculus and larger chamber heights. T. creekensis 

Thompson has a shorter and more inflated shell, more massive chomata, 

and less intense septal fluting than T. ventricosus. T. califomicus 
Thompson & Hazzard has more massive chomata, looser coiling, a larger 

proloculus, and is more inflated. T. subventricosus Dunbar & Skinner 
is a smaller shell with less volutions and a thinner spirotheca.

Occurrence.— Triticites ventricosus is probably the most common 
species of the genus and has been reported from numerous localities in 
the Midcontinent area, Texas, the Great Basin and Southwestern United 

States. Specimens assigned to T. ventricosus range in time from the 

Upper Virgilian to Middle Wolfcampian age 5 however, Thompson (1951*) 
p. lil) restricts the larger forms of the species to a rather narrow 

stratigraphic range within the Lower Permian, the lower half of the



Wolfeampian, Thompson and Thomas (1953, pp# itU-U7) report T. ventri- 

cosus in the Wolfcampian part of the Casper Formation in Wyoming,

Slade (1961, text-fig. 2) reports T. ventricosus at the base of the 

Wolfcampian Series in the Ferguson Mountain Formation, Elko County, 

Nevada. Thompson (195U, p. Ul) reports that T. ventricosus is abund

ant in the Hughes Creek Shale of the Council Grove Group (Lower Wolf

campian) in Kansas and in the Camp Creek Shale (Lower Wolfcampian) of 

the Pueblo Formation in north-central Texas. Needham (1937, p. 68) 

reports T. ventricosus in the upper Magdalena Limestone (Virgilian) in 

New Mexico. T. ventricosus is also reported in the lower part of the 
Neal Ranch Formation, the standard Wolfcampian marine • section for 

North America in the Glass Mountains of Texas (Ross, 1963, pp. 113-115).

In Arizona, T. ventricosus and related varieties are reported 
in the Earp Formation (Late Virgilian-Lower Wolfcampian) of the Naco 

Group. Zirkle (1952, p. 81) reports T. ventricosus (?) from the Wolf
campian part of the Naco Group, 2688 feet above the base and {j21 feet 

below the top of the measured section near Portal. Gilluly, Cooper, 

and Williams (195L, p» 37) report T. ventricosus 500 feet above the 

base of the Earp Formation (basal Wolf camp or possibly but not prob

ably uppermost Virgil) in the Gunnison Hills. Sabins and Ross report 

T. ventricosus sacramentoensis in the Late Virgilian and the basal 

Post-Virgilian part of the Earp in the Chiricahua Mountains (1963, 

table 1).

In the Tombstone Hills, T. ventricosus is abundant in a thin 

bed of limestone in the Earp (Lower Wolfcampian) 73 feet below the 
base of the Colina Limestone in measured section V (Unit 20). In the



same measured section, a single reworked specimen of T. aff. T, ventri- 

cosus associated with Schwagerina sp. (UA-5U6) was found in the next 

higher limestone ledge (Unit 21),
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Table III— Measurements of Triticites ventricosus

SPECIMEN UA-511 UA-512 ua-513
LENGTH (mm) 9.0 11.0 11.9
WIDTH (mm) 1*.5 1*.7 1*.7
PROLOCULUS (mu) 216 200 260 (?)
TUNNEL ANGLE (degrees) 
Volution 3 20 18 15
VI* 22 20 15
V5 26 26 15V6 30 25 20
V? 1*3 30 26
V8 1*3 30
V9 — 32
CELL WALL THICKNESS (mu) 
V2 1*8 27 31 (?)
V3 55 37 63VU 62 59 58
V5 70 70 63v6 96 75 75
V7 102 m o 96V8 126 100 103
V9 — 82 89
CHAMBER HEIGHTS (mu)
V3 155 72 93
VI* 185 110 123
v$ 185 170 170
V6 2iiO 215 170
V7 26o 230 200
V8 208 262 185
V9 —— 2l;6 31*0
FORM RATIOS
V2 1.9 1.5 1.3
V3 1.7 1.7 1.1*
VI* 1.7 1.7 1.1*
v5 1.8 1.8 1.5
V6 1.8 1.8 1.9
V7 1.7 1.8 1.9
V8 2.0 2.0 2.1
V9 —— 2.3 2.5



Triticites sp* A 
Figs. Ua, Ugj W-j Uj

h9

Description.— Triticites sp. A is a mediurn-sized fusiform to 

elliptical shell with six to seven and one-half volutions and common

ly reaches 7*6 mm in length and 3.3 mm in width» The axis of coiling 

is straight, the poles are usually pointed, and the lateral walls are 
biconvex#

Measurements were taken from five specimens that are represen

tative of the species# The proloculus is small and averages 117 mu#
T. sp# A is tightly coiled near the proloculus; average chamber heights 

are 75# 125, l8i|, 262, and 230 mu, respectively, for the third to the 

seventh volution. The tunnel is straight, and the tunnel angles vary 

from about 16° in the third volution to 68° in the sixth volution#

The spirotheca is distinctly two-layered and averages 20, 3li, 

U9, 69, 86, and 93 mu, respectively, from the second to the seventh 
volution. Form ratios average from 1*6 in the second volution to 2.1 
in the seventh volution#

The chomata are reduced and the septa are delicate. The septa 
are plane near the proloculus and moderately fluted in the end zones.

Discussion.— Triticites sp. A shows about the same stage of 

evolution as T. cullomensis Dunbar & Condra and closely resembles 

some of the specimens that are tentatively referred to the latter 

species (in Bostwick, 1955, p. 91*0). T. cullomensis usually has more 

rounded poles, more septal fluting, more massive chomata, a larger 
proloculus and is not coiled as tightly in the inner whorls as is
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T. sp. A, T. miller! Thompson has larger form ratios, a smaller pro

loculus, thinner cell walls and a wider tunnel«, T. gallowayi Needham 

has a much wider tunnel and much greater chamber heights than T. sp. A. 

T. moorei Dunbar & Condra has thinner walls, a slightly larger pro
loculus and greater form ratios.

Occurrence.— In the Tombstone Hills, Triticites sp. A is re
corded at the top of the Horquilla Limestone in two locations: Earp

Hill (Section III) and Government Butte (Section IV).
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Table IV— Measurements of Triticites sp. A

SPECIMEN u a-£l5 u a-5i 6 UA-517 u a-518 UA-519
LENGTH (mm) 7.6 6.3 6.7 5.3 4.1
WIDTH (mm) 3.3 2.5 2.7 2.2: 2.0
PROLOCULUS (mu) 100 m o m o 96 108
TUNNEL ANGLE (degrees) 
Volution 3 22 23 16 30 21
V4 30 28 30 35 25
V5 36 — 40 44 32
V6 U8 33 68 34
V7 52 — — ——
CELL WALL THICKNESS (mu) 
V2 17 22 20 24 17
V3 37 35 32 38 27
V4 U8 51 60 50 35
V5 62 79 80 70 55V6 86 93 105 85 62
V7 92 —— 93 —
CHAMBER HEIGHT (mu) 
V3 90 92 85 52 58
Vl| 140 m 5 155 75 108
V5 200 200 250 120 146V6 350 240 310 170 238
V? 290 — “ 170 —
FORM RATIO
V2 1.6 1.6 1.7 2.0 1.7
V3 1.5 1.8 1.7 2.0 1.7
Vii 1.U 1.6 1.7 2.4 1.5
V5 1.6 2.0 1.7 2.2 1.6
V6 1.6 2.5 2.0 2.1 2.0
V7 1.9 2.4



Triticites sp. B 
Figs. i|f, 1th, £c
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Description.— Triticites sp. B is characterized by a fusiform 

shell that is six to seven volutions and reaches 6.6 mm in length and 
3.0 mm in width. The axis of coiling is straight, and the lateral 

walls are usually concave. The poles may be pointed or slightly 
rounded.

Three specimens of T. sp. B were measured. The proloculus is 

large and averages 281| mu. Form ratios average from 1.8 in the second 

volution to 2.1 in the seventh volution. Average tunnel angles are 

19°, 19°, 27°, 27° in the third to the sixth volution, respectively. 
Average thicknesses of the spirotheca from the second to the sixth 

volution, respectively, are 26, 30, 58, 79, and 87 mu. The outer 

whorls are coiled relatively tightly; average chamber heights from the 

third to the sixth volution are 119, 167, 228, and 239 mu, respectively.

The septa are delicate and nearly plane near the proloculus, 

becoming closely spaced and tightly folded near the poles. The cho- 

mata are tabular and moderate in the early whorls, becoming reduced in 

the outer two whorls. The tunnel follows a fairly straight path that 

is sometimes interrupted in the inner volutions by overhanging chomata.

Discussion.— C. A. Ross (letter, Oct., 1963) suggests that T. 

sp. B is an unnamed species not too distantly related to T. creekensis 

Thompson but differing from the latter in having more closely spaced 

and stron g ly folded septa, a more elongated shape and lower early

volutions 0
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T, spe B is difficult to distinguish from T. subventricosus 

Dunbar & Skinner. The latter has been reported from the Thrifty Forma

tion (Virgilian) in Texas (Myers, I960, pi. 23) and the Wolfeamp Forma

tion (Wolfcampian) in the Glass Mountains, Texas (Bostwick, 1962, pp. 

1197-98.). T. sp. B appears to have a larger proloculus, more delicate 

and tightly folded septa and more pointed poles than T. subventricosus.

T« cullomensis Dunbar & Condra closely resembles T. sp. B but 

has less closely spaced septa, a much smaller proloculus and a ■wider 

tunnel. T. meeki (Holler) has a larger shell, greater form ratios and 
a wider tunnel. T_. ventricosus sacramentoensis Needham is a larger 

shell with less closely spaced septa and a smaller proloculus than T. 
sp. B.

Because Triticites sp. B is previously undescribed in the liter

ature, the geological age of this species must be based on the stage of 
evolution and the relative stratigraphic position. T. sp. B occurs 

stratigraphically above and, therefore, is probably younger than T. 

creekensis Thompson (T. creekensis is an excellent Post-Virgilian or 

Lower Wolfcampian guide fossil, and the correlation has already been 

discussed; so it will only be mentioned here). T. sp. B is possibly 

as old as the fusulinid fauna in bed 2 of the gray limestone in the 

upper part of the Gaptank Formation, Glass Mountains, Texas (Late Vir- 

gilian or Early Wolfcampian as described by Ross, 1963, p. U5). The 

appearance of an early form of Schwagerina with T* sp. B would make a 

Wolfcampian age more definite, but Schwagerina has not been found in 

the lower 375 feet of the Earp in the Tombstone Hills area. Neverthe
less, it seems appropriate to assign T. sp. B to the lower Wolfcampian



mainly on the basis of its relative stratigraphic position.

Occurrence.-— In the Tombstone Hills area, Triticites sp. B was 

found in one location, 102 feet above the base of the type section of 

the Earp Formation at Earp Hill (Section III, Unit 39) and is associated 

with T. sp. F and T. sp. G in the Lower Wolfcampian Series.



Table V— Measurements of Triticites sp. B

SPECIMEN UA-S21 UA-S22 UA-S23

LENGTH (mm) S.9 6.6 6.3

WIDTH (mm) 2.8 3.0 3.0

PROLOCULUS (mu) 33U 28U 23U

TUNNEL ANGLE (degrees)
Volution 3 23 1U 19
VU 23 19 13,22
V5 26 33 23
V6 31 2U 27
V7 — —— 32

CELL WALL THICKNESS (mu)
V2 29 22 27
V3 27 29 35
VU 62 58 55
VS 7S 82 79
V6 99 86 75
V7 “ — 89

CHAMBER HEIGHTS (mu)
V3 100 iSo 108
VU 183 167 150
VS 23U 267 183
v6 2S8 2S8 200
V7 —— — 300

FORM RATIOS
V2 1.8 2 .0 1 .5
V3 1 .9 2 .1 1 .7
VU 2.0 2 .1 1.5
VS 2.0 2 .1 1.7
V6 2.1 2 .1 2.0
V7 — 2 .1



(?) Triticites sp. C 
Figs. 54, £f, 5h
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Description.— (?) Triticites sp. C is an elliptical shell with 

six or seven volutions and commonly reaches 7.0 mm in length and 2.6 

mm in width. The axis of coiling is straight, and the lateral walls 

are slightly concave. The poles are rounded at the extreme ends.
Three specimens were measured. The proloculus is of medium 

size and averages 186 mu. Form ratios from the second to the sixth 

volution average 1.9, 2.0, 2.2, 2.2, and 2.7, respectively. The tunnel 

is fairly straight, and the average tunnel angles from the third to 

the sixth volution are 23, 28, 35, and 3U degrees, respectively. Av

erage cell wall thicknesses are 20, 2$, 37, 63, and 8$ mu from the 

second to the sixth volution, respectively. The chambers are low and 

the coiling is relatively tight. Average chamber heights from the 
third to the sixth volution are 100, Hi5, 175, and 192 mu, respectively.

Some filling is usually found along the axisj the chomata are 

narrow to moderate in size and tabular in shape. The septal fluting is 

relatively plane near the proloculus and becomes moderately intense 

near the poles.

Discussion.— (?) Triticites sp. C occurs with Duribarinella cf.

D. extenta Thompson and may be an immature form of the latter species. 

However, (?) T. sp. C has a wider tunnel angle, thicker cell walls, 

less volutions, more reduced axial fillings, and is narrower than D. cf. 

D. extenta. If (?) T. sp. C is an immature form of the latter, D. cf.
D. extenta would have to resorb some of the material in the cell walls
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to fill in the tunnel and to increase the chomata and axial filling 

during growth from the immature to the adult stage• Even though (?)

T, sp, C may be an immature form, it still is a useful time marker and 

taxonomic unite

(?) Triticites sp« C resembles both T. directus Thompson and 

D# americana Thompson, which may be conspecific. Both species have 

more reduced axial filling, more intense septal fluting, more volutions, 

and are more tightly coiled near the proloculus than (?) T* spe C.

Occurrencee— (?) Triticites sp» C occurs with D0 cf. D.extenta 

about 275 feet above the base of the Earp (Unit 31) in the type section 

at Earp Hill and is assigned to the Lower Wblfcampian Series.
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Table VI— Measurements of (?) Triticites sp. C

SPECIMEN UA-526 HA-#? UA-528

LENGTH (mm) 7.0 5.0 6.1*
WIDTH (mm) 2.6 2.0 2.3
PROLOCULUS (mu) 200 183 175
TUNNEL ANGLE (degrees) 
Volution 3 28 28,11* 22
Vi* 29 22 32
V5 37 38,30 36
V6 3U 32 35
V? —— — 31
CELL WALL THICKNESS (mu) 
V2 13 (?) 27 (?) (?)
V3 27 21* 21*
vl» 1*8 31 31
V5 72 6S 51
v6 85 102 69
V7 — — ' 62
CHAMBER HEIGHT (mu)
V3 H 7 320 62
vk i5o 167 117
v5 216 167 133V6 200 183 192
V7 —— —— 200
FORM RATIOS
V2 2.5 1.7 1.8
V3 2.3 1.6 2.0
vl4 2.0 1.7 2.75
V5 2.2 1.9 2.8
V6 2.7 2.5 3.1
V7 2.7



Triticites sp. D 
Figs, ^e, 5g
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Description.— Triticites sp. D is a large, highly inflated 

shell with eight or nine volutions and commonly reaches 8.7 mm in 

length and 5«U mm in width. The poles are sharply pointed, the lateral 

walls are concave, and the axis of coiling is straight.

All measurements are averaged from four specimens * The pro

loculus is unusually large and averages 328 mu. The tunnel is usually 

slightly crooked. Tunnel angles average 18° in the third volution and 

increase to about 25° in the eighth volution. The cell wall thickness

es from the second to the ninth volution are 38, $1, 57, 59, 85, 102, 

86, and 123 mu, respectively. Heavy secondary deposits that were not 

measured are on the early whorls. The chamber heights increase at 
nearly the same rate in the inner whorls and become fairly constant in 

the last three volutionsj average chamber heights are 127, 167, 19h> 

217, 2U0, 238, and 2l|6 mu from the third to the ninth volution, respec

tively. Form ratios from the second to the eighth volution average 

l.i*, 1.3, 1.3, 1.U5, 1.6, and 1.7, respectively.

Triticites sp* D has medium chomata that are tabular in the 

inner whorls and slope toward the poles in the outer volutions. The 

septal fluting is moderate along the axis of coiling and intense in 
the end zones.

Discussion.— Triticites sp, D resembles T. ventricosus (Meek & 

Hayden), T. cellamagnus Thompson & Bissell, T. califomicus Thompson & 

Hazzard, T. creekensis Thompson, and T. pinguis Dunbar & Skinner.
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T, creekensis and T, pinguis have more massive chomata, smaller prolo

culi, less inflated inner volutions, and less intense septal fluting 

than T. sp» D« T. ventricosus has a smaller proloculus and is much 

less inflatede T. cellamagnus has a wider tunnel, less volutions, and 

is not as inflated. T. californicus has much more massive chomata, a 

smaller proloculus, and is more loosely coiled than T. sp. D.

Occurrenceo— Triticites sp. D was found at two locations in the 

Earp Formation in the Tombstone Hills vicinity: 73 feet below the base

of the Colina Limestone in the northeastern ridge at Epitaph Gulch 

(measured section I, Unit 10). Triticites sp. D occurs. also with T. 

ventricosus at Earp Hill, Section V (Unit 20) and both species are 

assigned to the lower part of the Wolfcampian Series.
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Table VII— Measurements of Triticites sp. D

SPECIMEN - UA-S29 UA-S30 UA-S31 UA-532
LENGTH (mm) 7.S 7.9 8.7 8.7
WIDTH (mm) lt.2 S.lt It.9 U.7
PROLOCULUS (mu) 3SU 35S •3Slt 2U6
TUNNEL ANGLE (degrees)
Volution 3 18 17 • 19 18
Vlt 18 18 19 19
VS 19 19 19 19V6 23 2lt 26 16
V7 26 22 29 23V8 26 27 23
CELL WALL THICKNESS (mu) 
V2 lt6 27 Itl (?)V3 77 (?) 31 lt6 (?)
vlt 77 (?) lt8 US (?)
v s 79 62 s i USV6 8S 130 68 SSV7 98 102 103 108V8 8S 70 51 138
V9 — 102 *"■ 1U6
CHAMBER HEIGHTS (mu) 
V3 112 162 138 95Vlt iSlt 169 200 1U5
VS 177 200 200 200
V6 I81t 208 2U6 230
V7 2lt6 230 277 208
V8 2it6 277 230 200
V9 “ 230 — 262
FORM RATIOS
V2 1.8 1.1 1.2 1.8
V3 l.S 1.1 1.2 1.5
Vlt l« lt 1.1 1.3 l.S
VS l.S 1.1 i . u l.UV6 1.6 1.2 l.S l.S
V7 1.8 1.2 1.6 1.6
V8 1.8 l.lt 1.8 1.6
V9 — leU ~  • 1.8
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Triticites sp, E 
Figs, 3g, (?) 3h

Description.— Triticites sp. E is a medium size fusiform shell 

with six to eight volutions and commonly reaches 8.7 mm in length and 

3.8 mm in width. The poles are pointed, and the axis of coiling is 

fairly straight. The lateral walls are generally convex to the axis 

of coiling.

Four specimens were used for measurements; the average diameter 

of the proloculi is 202 mu. Form ratios average 1.8, 2.1, 2.0, 1.85,

2.2, and 2.3 from the second to the seventh volution, respectively. 

Averages of the tunnel angles from the third to the seventh volution 

are 22, 25, 27, 35, and 39 degrees, respectively. The average thickness

es of the cell walls are 31, 39, 67, 96, and 95 mu, respectively, from 
the third to the seventh volution. The coiling is relatively tight; 

chamber heights average 117, 152 , 202 , 21*1, and 250 mu from the third 
to the seventh volution, respectively.

The chomata are about one half as high as the chamber heights 

in the inner volutions and are reduced and discontinuous in the outer 

whorls. The septal fluting is intense along the axis of coiling.

Discussion.— Triticites sp. E resembles T. creekensis Thompson,

T. subventricosus Utribar & Skinner, T. meeki (Holler), T. cullomensis 

Dunbar & Condra and T« sp. B. T. creekensis has heavier chomata, 

smaller form ratios and less intense septal fluting. T. subventricosus 

apparently has less intense septal fluting and is less elongate than 

T. sp. E. T. meeki is a larger shell with greater form ratios and



thicker cell walls. T. cullomensis has a smaller proloculus and much
63

less intensely folded septa. T. sp. B has a much larger proloculus 
and is more inflated than T. sp. E.

Occurrence.--In the Tombstone Hills, Triticites sp. E was ob
served at the south side of Government Butte; 7 feet above the base of 

the Eaip Formation (Section IV, Unit U) and is associated with T. 

creekensis, Bradyina sp. and Oketaella sp. in the Lower Wolfe amp ian 
Series.
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Table VIII--Measurements of Triticites sp. E

SPECIMEN ua-SOS UA-S06 ua-550 ua-551
LENGTH (mm) 6.7 8.7 6.3 6.U
WIDTH (mm) 2.8S 3.7; 2.5 2.8
PROLOCULUS (mu) 217 2U2 18U 167.
TUNNEL ANGLE (degrees) 
Volution 3 26 19 21 22
Vlt 33 21,25 23 21
V5 38 22 26 21*
V6 1*5 (?) 30 33 32
V? —— 3U 3U 1*9
CELL WALL THICKNESS (mu)
V3 38 31 27 27vi 51 a 31 31*v$ 82 ' 58 . 63 65V6 103 79 no 86
V7 pew 93 96 96
V8 —— 75 —
CHAMBER HEIGHTS (mu) 
V3 167 117 8k 100
VU 183 167 133 125
VS 266 200 175 166
V6 266 233 225 21*2
V7 ww 217 23U 300
V8 — 258 —— —
FORM RATIOS
V2 lop 2.0 1.1* 1.8
V3 2.3 2.0 1.8 2.2
Vil 2.2 1.9 1.8 2.1
VS 2.0 1.8 1.6 2.0v6 2.3: 2.1 2.2 2.1
V7 —— 2.2 2.5 2.3
V8 mmmm 2.3 —— ww



Triticites sp. F 
Fig. 5a

65

Description.— One well-oriented specimen of Triticites sp. F 

(UA-52U) was found associated with T. sp. B and T. sp. G. T. sp. F 

is 7»U mm long and approximately 2.9 mm wide. The lateral walls are 
concave to convex, and the axis of coiling appears to be slightly 

curved. Seven volutions are present. The septal fluting is moder

ately intense along the axis of coiling and in the end zones. The 

chomata are moderate in the inner whorls and discontinuous in the outer 
volutions.

Discussion.— The single specimen of T. sp. F closely resembles 

T. meek! (Holler). Apparently T. meek! has a larger proloculus and 
more delicate septa. T« sp. B is a shorter and more inflated shell than 

T. sp. F, and T. sp. G has smaller form ratios and more intensely folded 
septa.

Occurrence .— Triticites sp. F was found in the Earp Formation 
(Lower Wolfcampian) at Earp Hill, 102 feet above the base of the Earp 

Formation (Section III, Unit 39)»

Triticites sp. G 
Fig. 5b

Description.— One well-oriented specimen of Triticites sp. G 

(UA-525) was found associated with T. sp. B and T. sp. F. T. sp. G is 
approximately 9.2 mm long and I4..O mm wide. Eight volutions are pres

ent. The axis of coiling is straight, and the poles are slightly
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pointed® The septa show exceedingly intense folding along the axis and 

in the end zones* The inner volutions are tightly coiled. The chomata 

are moderate in the inner whorls and reduced in the outer volutions*

Discussion,— Triticites sp. G resembles T. ventricosus (Meek & 

Hayden). Specimens in the Tombstone Hills assigned to T. ventricosus 

have less intense septal fluting and are not coiled as tightly near the 

proloculus * T. creekensis Thompson has more massive chomata and less 

intense septal fluting. T, sp. B and T. sp. F are smaller shells than 
T. sp. G and have less intense septal fluting.

Occurrence*— The single specimen of Triticites sp* G was found 

102 feet above the base of the Earp Formation (Lower Wolfcampian) at 
Earp Hill (Section III, Unit 39).
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Genus DUNBARINELLA. Thompson 191*2

Dunbarinella of* D. extents Thompson 
Figs. 6a-6e

Dunbarinella extents THOMPSON, 195ki Univ. Kansas Paleont, Contrib.,
Protozoa, Art, 5, p. 1*7> pi* 19, figs. 1-6.

Description.— Dunbar inella cf. D. extents is a highly fusiform, 

medium-to-large shell that commonly reaches 9.0 mm in length and 3.6 mm 
in width. Mature individuals have as many as ten volutions. The axis 
of coiling is nearly straight, and the lateral walls are concave. The 
central region is usually inflated and the poles in mature individuals 
are elongated and pointed.

Five specimens from the Tombstone Hills were measuredj the pro

loculus is of medium size and averages 17U mu. Form ratios average from 

1*7 to 1.9 in the inner volutions to 2.1* in the eighth volution. The 

cells*'walls are composed of a tectum and keriotheca that are relative

ly thin and average 17, 23, 31, 52, 6l, 69, and 61* mu from the second 
to the eighth volution, respectively. The tunnel is narrow in the 

early volutions, averaging about 16 degrees in the third and fourth 
volutions and increases at a nearly constant rate to the eighth volu

tion where it averages 32°. The coiling is relatively tight in the 

outer volutionsj average chamber heights from the third to the eighth 

volution are 102, 11*1, 179, 20$, 220, and 221* mu, respectively.
Duribarinella cf. D. extenta is generally characterized by heavy 

chomata and heavy filling along the axis. In some of the specimens, 
the chomata fill the entire chamber and with the heavy filling along 
the axis, a continuous secondary deposit is present in all volutions
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except the outer two. In other specimens the axial filling is greatly

1

reduced and the chomata are more moderate. The size of the chomata 
and the amount of axial filling probably reflect the growth stages of 

the individual (see discussion on (?) T. sp. C).
The septal fluting near the proloculus is greatly masked by 

the heavy chomata and axial filling, but in the end zones where the 

secondary deposits are not present the septa are heavy and show moder

ately intense fluting. The tunnel is crooked in some specimens and 

nearly straight in others.

Discussion.— The syntypes of Duribarinella extenta described by 

Thompson (l9$h) p. k l) have a smaller proloculus and larger chamber 

heights in the outer volutions than the specimens assigned to D. cf.
D. extenta from the Tombstone Hills. D. cf. D. extenta resembles D. 
glenensis Thompson in many respects; however, D. glenensis is reported 
above the T. ventricosus (Meek & Hayden) zone in the Kansas Wolfcampian 
section (Thompson, 195U, fig. 2); whereas D. cf. D. extenta occurs be
low the T. ventricosus zone in the Tombstone Hills. D. extenta also 

occurs below the T. ventricosus zone in the "Waldrip No. 1" and the 

"Waldrip No. 3" limestones (Lower Wolfcampian) of the Pueblo Formation 

in north-central Texas (Thompson, 193>li, fig. 3).

Duribarinella hughesensis Thompson has a smaller proloculus, 
less massive axial fillings and is more elongated than D. cf. D. 

extenta. D. eoxtenta Thompson is more inflated and has a smaller pro
loculus than D. cf. D. extenta
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Occurrence.— Dunbarinella cf. D. extenta was found approximately 

2?5 feet above the base at the type section of the Earp Formation in 

measured section III (Unit 31) at Earp Hill, and it is associated with 

(?) Triticites sp. C in the Lower Wolfcampian Series.
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Table DC— Measurements of Dunbarinella of. D. extenta

SPECIMEN UA-533 UA-531* u a-535 UA-536 UA-537
LENGTH (mm) 8.7 8.8 6.1 7.9 9.0
WIDTH (mm) 3.5 3.6 2.6 2.7' 3.2
PROLOCULUS (mu) 130 216 183 167 (?)
TUNNEL ANGLE (degrees)
Volution 3 19 111 16 18 19
VU Hi 17 15 18 18
V5 19 23 22 18 25
V6 20 27 26 19 27
V7 20 29 21* 22 38
V8 23 33 30 1*2
V9 2U —— — —— "
CELL WALL THICKNESS (mu)
V2 (?) (?) (?) 20 lit
V3 (?) 21 (?) 27 21
vl* 27 21* 27 111 35
V5 35 52 111 80 51V6 1*6 58 62 80 6l
V7 62 78 68 69 68
V8 62 65 — — 62 68
V9 62 — - — ——
CHAMBER HEIGHTS (mu)
V3 90 100 133 ' 85 100
Vl* 123 165 167 117 133
V5 130 183 215 167 200
V6 177 183 215 250 200
V7 185 231* 217 200 266
V8 21*8 208 —— 217
V9 238 — •— —— —

FORM RATIOS
V2 1.7 1.6 2.0 1.5 1.7
V3 1.8 1.5 2,0 1.8 2.0
Vl* 1.9 (?) 1.7: 2.0 1.8 1.9
V5 1.7 1.7 2.0 2.0 (?) 2.1
V6 1.6 1.7 1.9 2.1 2.1*
V7 1.7 1.9 2.1 2.3 2.5
V8 1.8 2.1* —— 2.8
V9 2.0 — —— —— — —
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Dunbarinella koschxnarmi (Skinner)

Figsa 6f-6i

Triticites koschmanni SKINNER, 1931> Jour* Paleont*, vol. pp» 20- 
21, pi. 3, figs. Ii-6.

Dunbarinella koschmanni (Skinner), THOMPSON, 195U> pp. 52-53# pi* 22, 
figs. 9# 10; pi. 23, figs. l-U; SLADE, 1961, p. 75, pi. 1# 
figs. 5# 6.

Triticites koschmanni Skinner , ROSS, 1963, p. 105, pi. 6, figs. 5-11.

Description«— Dunbarinella koschmanni is a medium to large 

fusiform shell with six to eight volutions and commonly reaches 9oh mm 

in length and 3.7 mm in width. The axis of coiling is usually straight 

but is recurved in at least one of the specimens. The poles are elong
ated and pointed, and the lateral walls are slightly convex to slightly 
concave.

Measurements are taken from six specimens. The proloculus is 

small and averages 138 mu. Form ratios from the second to the eighth 

volution average 2.2, 2.2, 2.1*, 2.3, 2.5, 2.5, and 2.7, respectively* 

The tunnel is straight, and the average tunnel angles from the third 

to the eighth volution are 20, 21*, 27, 28, 31, and 3k degrees, respec

tively. The cell walls are relatively thin; average thicknesses are 

15, 18, 29, 37, 53, 6l, and 50 mu from the second to the eighth volu
tion, respectively* The coiling is comparatively tight in the inner 

volutions, and the average chamber heights from the third to the eighth 

volution are 88, 132, 206, 221*, 21*2, and 276 mu, respectively.
The chomata are heavy and tabular and nearly fill the entire 

height of the chambers in the inner whorls. In well-oriented specimens.
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the septa are delicate, tightly folded, and closely spaced throughout 

most of the specimens.

Discussion.— Dunbarinella koschmanni closely resembles D. weth- 

erensis Thompson and D. obesa (Beede). D. wetherensis has smaller form 

ratios and more rounded poles than D. koschmanni; however, in other re

spects the two species are similar, and later workers may decide to 

classify them as conspecific. Dunbarinella obesa has smaller form 

ratios, more bluntly rounded poles and less septal fluting, and is also 

difficult to distinguish from D. koschmanni.

Occurrence .— Dunbarinella koschmanni has an unusually wide geo
graphical range in comparison with the ranges of other species in the 
genus. Thompson (19$^, p. 53) reports D. koschmanni from the Neva 
Limestone (Middle Molfcampian) of the Council Grove Group in the Mid
continent area. Slade (1961, text-fig. 2) reports D. koschmanni near 

the middle of the Wolfcampian Series in the Ferguson Mountain Formation, 

Elko County, Nevada. Ross (1963, p. 17U) has reported D. koschmanni in 

the Neal Ranch Formation (Lower Wolfcampian) in the Glass Mountains of 

Texas, the standard Wolfcampian marine section in North America.

In the Tombstone Hills area, D. koschmanni is abundant in the 

Earp Formation on the south side of Government Butte, 5U feet below the 

base of the Colina Limestone in measured section IV (Unit ll). D. 

koschmanni is the highest fusulinid reported in the Tombstone Hills

vicinity and is assigned to lower or middle Wolfcampian Series.
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Table X— Measurements of Duribarinella koschmanni

SPECIMEN UA-539 UA-5U0 UA-5U1 UA-3U2 UA-5U3 UA-5UU
LENGTH (mm) 8.0 6.7 9.U 9.U 8.3 7.3
WIDTH (mm) 3.1 1.9 3.1 2.3 3.6 2.1

PROLOCULUS (mu) 130 H 'o 117 123 133 130
TUNNEL ANGLE (degrees)
Volution 3 17 23 20 18 21 23
VU 17 32 2U 21 21 30
V5 21 33 29 23 26 30
V6 26 3U 27 23 28 32
V7 27 28 23 33 U3
V8 36 —— 33 — 32 “

CELL WALL THICKNESS (mu)
V2 ?) 7 (?) 1U 17 13 2U (?)
V3 (?) 17 17 10 (?) 18 28
VU 33 2U 31 19 28 (?) 38

27 3U 38 3U Uo 32
V6 U1 83 UU U3 33 U8
V7 61 •— 31 31 72
V8 UU —— 33 — 31 —
CHAMBER HEIGHT (mu)
V3 83 83 loU 73 83 100
VU 117 92 117 123 167 170
v$ 203 163 183 200 233 2^0
V6 192 170 216 267 267 233
V7 200 216 300 25)0 mmmm

V8 267 —— 276 — 28U “
FORM RATIOS
V2 1.9 2.U 2.3 1.9 2.3 2.U
V3 1.8 2.6 2.2 1.9 2.2 2.5
vU 2.0 3.1 2.1 2.U 2.1 2.6
V5 2.1 2.9 2.3 2.U 1.9 2.3
V6 2.U 3.3 2.U 2.2 1.7 3.0
V7 2.U — - 2.8 2.6 2.1 ■ M M

V8 2.3 —— 3.0 — — 2.3 — —
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Genus SCHWAGERHA Holler, 1877

Schwagerina cf. S. loringi (Thompson)
Figs. (?7 7a, 7b, 7d

Psuedofusulina loringi THOMPSON, 195U, p. 69, pi. Ul, figs. 1-10.

Schwagerina loringi (Thompson), SABINS & ROSS, 1963, pp. 356-3$7» pi.
39, figs. 11-17o

Description.— Schwagerina cf. S. loringi is the largest fusu- 

linid species reported in this study from the Tombstone Hills area; 

mature specimens are elongated subcylindrical shells with five to 

seven volutions and commonly reach 12.3 mm in length and 3.6 mm in 
width. The axis of coiling is straight and the poles are rounded.
The lateral walls are parallel to the axis of coiling above (or below) 
the proloculus and become convex near the poles.

Schwagerina cf. S. loringi is apparently rare in the Tombstone 

Hills. One complete and two incompletely preserved specimens were 

used for measurements. The proloculus is medium in size and averages 

201 mu. Form ratios are highly variable because the intensity of the 

septal fluting tends to mask the ends of each volution, thus making the 

measurement of form ratios somewhat arbitrary. Average form ratios from 

the second to the seventh volution are 1.8, 2.3, 2.it, 2.7, 2.75, and 

3.0 (?), respectively. Tunnel angles average 29, U3, and U5 degrees 

from the third to the fifth volution, respectively. The spirotheca is 

composed of a greatly reduced tectum and a relatively thick keriotheca 

with coarse alveoli. Average cell wall thicknesses from the second to 

the seventh volution are 31, 1*6, 61*, 90, 108, and 90 mu, respectively. 

Chamber heights from the third to the seventh volution average 126,
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159, 226, 278, and 252 mu, respectively.

The psuedochomata are moderate in the inner volutions and miss

ing in the outer whorls. No axial filling is present, and the septa are 

relatively heavy and highly folded throughout the specimen.

Discussion,— Measurements of S, cf, S, loringi closely compare 

with measurements of the syntypes (Thompson, 195U, p» 69) in some 

morphologic features but not in others. Rather than assign the Tomb

stone Hills specimens to a new species, they are compared with the syn

types of S. loringi, but the latter, has greater form ratios, a larger 

proloculus and larger chamber heights than S. cf. S. loringi from the 

Tombstone Hills. Schwagerina cf. S. loringi closely resembles S. 
grandensis Thompson, S. longissimoidea (Beede), S. providens Thompson 
& Hazzard, and S. campensis Thompson. Sabins and Ross (1963, p, 35U) 
suggest that the above group forms a well-defined species complex, and 

Thompson (195U, p. 58) infers that members of this same group may be 
related subspecies. S. longissimoidea has greater form ratios and more 

delicate and tightly folded septa in comparison with S, cf. S, loringi. 

S. grandensis has a thinner spirotheca and heavier axial fillings. S. 

providens has a thinner spirotheca, a smaller proloculus, and more 

prominent psuedochomata, S. campensis has heavier axial fillings, 

thinner cell walls and more delicate septa#

Occurrence,— In southeastern Arizona, S. loringi and related 
species are excellent Post-Virgilian-Wolfcampian index fossils, Thomp
son (195U, p, 69) reports S. loringi in the "Naco Limestone" in the 

Swiss helm Mountains. Sabins and Ross (1963, p, 357) report S. loringi



at two locations in the Chiricahua Mountains: l6$0 feet below the top
of the Earp Formation (Wolfcampian) at the Indian Creek locality and 

approximately 2220 feet above the base of the Earp (Wolfcampian) at 

the Portal locality.

In the Gunnison Hills, Henbest (in Gilluly et al., 195k> p» 37) 

reports the first appearance of Schwagerina (Schwagerina aff, S. long- 

issimoidea (Beede), possibly conspecific with S, loringi, later 

described by Thompson (l95it, p, 69)) approximately 670 feet above the 
base of the Eaip Formation. Zirkle (1952, p. 83) reports the first 

appearance of Schwagerina 821 feet below the top and 2288 feet above 

the base of the measured section in the Naco Group near Portal,
In the Tombstone Hills, S. of. S, loringi is sparse and occurs 

with reworked specimens of T. aff. T. cellamagnus, being reported in 

the southeastern corner at Earp Hill, approximately 112 to 120 feet be

low the top of measured section V (Units 11 and 13) in the Lower Wolf
campian part of the Earp Formation. Schwagerina aff. S. loringi occurs 

in the same measured section, 107 feet below the top of the Earp (Unit 

15) and is too poorly preserved to be accurately identified.

76
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Table XI— Measurements of Schwagerina cf. S. loringi

SPECIMEN UA-5U3 UA-5UU UA-5U5
LENGTH (mm) 7.1: (?) 12.3 7.8 (?)
WIDTH (mm) 2.1 3.6 3.0;
PROLOCULUS (mu) 222 200 180
TUNNEL ANGLE (degrees)Volution 3 38 2U 2Uvu 57 29 UUV5 38 52
V6 w e w 39V7 — • ——

CELL WALL THICKNESS (mu)V2 35 (?) 3U 25 (?)V3 • 55 UU 38VU 61 72 60v5 103 106 6ov6 — — 106 111V7 75 105
CHAMBER HEIGHTS (mu)
V3 156 133 89VU 177 183 117V5 275 216 188
V6 367 188V7 — 283 222
FORM RATIOSV2 1.2 2.6 1.5V3 2.6 2.5 1.7VU 3.1 2.2 2.0V5 3.U (?) 2.U 2.U
V6 2.8 2.7V7 — 3.U 2.6 (?)
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Schwagerina sp.

Fig, 7e

Description,— Schwagerina sp, is exceedingly rare in the Tomb

stone Hills. The one well-oriented specimen (UA-5U6) that was found 

has five volutions, a straight axis of coiling, convex lateral walls 

and sharply pointed poles at the end of each volution. The shell is 

medium size, 8.1 mm long and 3.0 mm wide. The proloculus is 1$0 mu. 
The tunnel angle is I4I degrees in the third volution and lj.7 degrees 
in the fourth. The cell walls are comparatively thick and measure 

3U, $1, 77, and 105 mu, respectively, from the second to the fifth 
volution. Chamber heights from the third to the fifth volution are 
185, 21*6, and 35U mu, respectively, indicating that the coiling is 
relatively loose. Form ratios actually decrease from second to the 

fifth volution 3.1, 2.9, 2.6, and 2.7, respectively. The septal flut
ing is intense along the axis of coiling, and there is no filling 

along the axis.

Discussion.— Schwagerina sp. does not closely resemble any 

other common species of Schwagerina described in North America. The 

stratigraphic position and the stage of evolution indicate that this 

is a primitive species of the genus, and undoubtedly Schwagerina did 

not become abundant until later in the Wolfcampian Epoch. Schwagerina 

emaciata (Beede) and S. dunnensis Sabins & Ross have larger form 

ratios, thinner cell walls, more rounded ends on all volutions and 
are coiled much more tightly.



Occurrence»— Schwagerina sp. was found in the Earp Formation 
(Lower Wolfcampian) at Earp Hill, 59 feet below the base of the Colina 

Limestone in measured section V (Unit 21) and is associated with a 

single reworked specimen of T. aff. T. ventricosus (Meek & Hayden),

79
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Genus Oketaella Thompson, 195>1

Oketaella sp.
Figs, 2e, 2f

Description,— Oketaella sp. is a small, inflated, fusiform 

shell with convex lateral walls. Mature specimens have from two to 

four volutions and a straight axis of coiling. In a typical, well 

preserved specimen (UA-5U7) with two volutions, the length is 375 mu 

and the width is 270 mu. The outside diameter of the proloculus is 

120 mu, relatively large in comparison with the size of the shell.
The tunnel angle is 19° in the second volution, and form ratios are 
1,2 (?) and 1,2* in the first and the second volution, respectively.
The chamber heights are 20 mu in the first volution and lj.5 mu in the 
second. The spirotheca is reported to be two-layered, consisting of 

a tectum and keriotheca (Thompson, 195k, p. 10), but the cell walls are 

opaque in the Tombstone Hills specimens. Cell wall thicknesses are 15 
mu enclosing the proloculus and approximately 17 mu in the first and 

second volution.
The septa are relatively heavy and nearly unfluted. The cho- 

mata are low and extend outward toward the poles.

Discussion.— Oketaella sp., upon preliminary observation, 

closely resembles a Triticites juvenarium; however, most species as

signed to the latter genus have larger form ratios and greater chamber 
heights in the first four volutions. Oketaella sp. is apparently an

undescribed species, not many species being assigned to this genus
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Occurrence*— Several specimens of Oketaella sp* were found 

associated with Triticites creekensis Thompson and T. sp* E in meas

ured section IV (Unit U) at Government Butte approximately 7 feet 

above the top of the Horquilla Limestone. The exact time range of 

Oketaella has not been determined as yet; specimens assigned to this 

genus have been reported from the base of the Missourian (?) Series 

(Thompson, Verville, and Lokke, 1956, text-fig* 1) to Lower Wolfcamp- 

ian (Thompson, 195U, p* 10)*
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APPENDIX

Measured sections and detailed locations of fusulinid-bearing horizons

SECTION I

Section of Earp Formation, northeastern ridge at Epitaph Gulch

Location.— 5ii50 feet N. ii9*5° W. of southeastern comer of sec. 
36, T. 20 S., R. 22 E.

Colina Limestone: Feet
Limestone, black, weathers to gray; raspy weathered

surface; white calcite veinlets; ledge-former - - - - 8
Earp Formation:

22. Dolomite, red, weathers to conspicuous "orange-
tan;” ledge-former ----------------------------- 2jg

21. Shale, brown----------------------------------- -- 18

20. Limestone, black, weathers to gray at the base 
and tan near the top; white calcite veinlets; 
ledge-former-- ---------------------------- - 5

19. Shale (?), mostly c o v e r e d ----------------------- 8

18. Dolomite, red, weathers to an "orange-tan;"
ledge-former - ------------------- - ------- - 2

17e Shale, mostly c o v e r e d --------------------------- 6

16. Conglomerate; matrix is reddish-orange dolomite;
contains gray limestone pebbles that are up 
to 3 inches long, a few chert pebbles; ledge-
former - —  - - ----------------- —  —  —  L

1$. Concealed, probably brown shale - --------------- 18
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Section I— Continued Feet

111. Limestone, pink and gray, weathers to the same 
color3 orange calcite veinlets; prominent 
"marker bed" (Gilluly et al., 195U, p. 19) 
ledge-former-----------------------------------  111

13. Concealed, probably brown shale---- -------------- 18

12. Limestone, grayish-red, weathers to light
brownish-gray; coarsely crystalline -------  1

11* Covered, probably shale —  - -------_ _ _ _ _  —  9
10* Limestone, pink to gray, weathers to light gray; 

white and tan chert layer 6 inches thick; 
conspicuous "marker bed" (Gilluly, et al.,
195U# p* 19, Unit 20); numerous echinoderm 
stems and plates, Triticites sp. Dj ledge- 
former --------------     15

9. Covered, probably brown shale-- ------ - ------- - 15
8. Limestone, gray to pink, weathers to about the 

same color; prominent "marker bed" (Gilluly 
et al., 195b, p. 19, Unit 20); 12-inch orange 
chert layer; ledge-former--------------------- 18

7. Shale, brown; interbedded with green andesite;
mostly covered; slope-former - ------    30

6. Limestone, gray to pink, weathers to gray;
orange chert layer 6 inches wide; ledge-
former -----------------------------------------  3

5. Covered, probably brown shale     ------------- - 15

il. Limestone, dark gray, weathers to lighter gray;
calcite veinlets; ledge-former - - -  - -  —  - - i|

3* Concealed, probably brown shale-------------------  1|8

2. Limestone, gray, weathered surface gray; orange
chert lenses, white calcite veinlets; ledge- 
former -----------------------------------------  5

1* Limestone, conglomeritic, small pebbles imbedded
in gray limestone matrix; ledge-former---- -- - 2

Total Earp Formation------ _ _ _ _ _  —  -------- 26l
Alluvium



86

Location.— 3020 feet N. 66° W. of southeastern corner of sec*
20, T. 21 S., R. 23 E.

Colina Limestone: Feet

Limestone, black, weathers to gray; rough surface;
white calcite veinlets; ledge-former --- - - - - - - -  10

Earp Formation:

11* Limestone, maroon, weathers to "orange-tan”;
rough surface; ledge-former ----- - --  - - - - -  3

10* Shale, brown - - ----------- - - --------------- - - 17

9* Limestone, gray, weathered surface is the same
color; 6-inch pink chert layer; ledge-former -- 1

8* Covered, probably brown shale interbedded with
gray limestone---------------------------------  2k

7* Limestone, gray, weathered surface is the same 
color; white calcite veinlets, Triticites 
cellamagnus at the base, numerous echinoderm 
stems and plates near the top; raspy surface; 
ledge-former----------- ----------------------- 18

6* Concealed, mostly brown shale; 6-inch gray lime
stone ledge; fusulinid float from Unit 7 (see 
above) on surface near top of this unit; some 
chert found in interbedded limestone - - - - - -  28

5e Limestone, pink to gray, weathers to light gray 
or pink; 12-inch chert layer at top; white 
calcite veinlets; numerous bryozoans and 
echinoderm stems; ledge-former - - --------- - - 6

U* Covered, probably shale - - - ---- -- ------- - - - 7

SECTION II

Section of Earp Formation, on south side of Government Butte
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Section II— Continued

Feet

3* Limestone, gray, weathers to lighter gray; orange
chert nodules, white calcite veinlets; ledge-
former ----      5

2, Covered, probably brown shale-------------------  13

1. Limestone, gray weathers to lighter gray; orange 
chert nodules, white calcite veinlets; ledge- 
former --------------------   5>

Total Earp Formation - - --------- —  - - -------- 127

Covered:

Much of the above section is repeated below the covered 
zone and valley fill is below the Earp Formation*
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Locationa— Lower 368 feet of section are 3000 feet N. 12° W. of 

southeastern comer of sece 5, T# 21 S., R. 23 E,j tpper 227 feet of

SECTION III
Section of Earp Formation, on south side of Earp Hill

of sec. b, T. 21 S., R. 23 E.

This section of Earp is presented as the type section by 

Gilluly, Cooper, and Williams (1.9Sht p» 19). The following is modi
fied in part from their work:

Colina Limestone: Feet
Limestone, almost black, weathers dark gray, in beds 2 to 

U feet thick.

Earp Formation:

1. Dolomite, sandy, thinly laminated, varve-like, pink,
weathers conspicuous "orange-tan," dense; spor
adic nodules of coarse calcite up to 2 inches 
across, but averages one-half inch --  - --  - - - 5a

2. Limestone, very dark gray, blue-gray on weathered
surface; ledge-former ------------------------- - 11

3. Limestone, shaly, red, poorly exposed; slope-
former ------------ ---------------- --------------lOgj

lie Limestone, dark gray, forms a low ledge------------- 2|r

5o Limestone, shaly (or limy shale), red, poorly
exposed; slope-former - —  - —  — ---- -- —  5&

6. Limestone, dark gray, dense, beds about 2 feet
thick; prominent ledge-former ------------------- 23

7# Sandstone, soft, shaly, weathers red brown, slope-
former, a few thin limestone ledges  ---- -- - - 17

8. Sandstone, brown, well-cemented, caps ledge ----  - - 1/3



Section III

9.

10.
lie
12.
13.
1U.

12.
16.

17.

18.

19.

20.

—Continued

Dolomite, sandy, thinly laminated, varve-like, pink, 
weathers conspicuous "orange-tan," densej no 
calcite nodules occur - —  - - —  - —  —  —

Limestone, blue-gray, aphanitic, beds from 2 to
10 inches thick - -----—  -------- --------- - -

Concealed, probably limestone ---------------------

Dolomite, slightly sandy, pink, weathers "orange- 
tan," varve-like laminations, some crossbedding, 
thin intraf ormational breccia at t o p ---- -- - -

Concealed -----------------------------------------

Dolomite, sandy, thinly laminated, varve-like, pink, 
weathers conspicuous "orange-tan," densej spor
adic nodules of coarse calcite up to 2 inches 
across, but averages one-half inch -------------

Concealed, probably shale or thin-bedded limestone -

Dolomite, sandy, thinly laminated, varve-like, pink, 
weathers conspicuous "orange-tan," densej 
sporadic nodules of coarse calcite up to 2 
inches across, but averages one-half inch -------

Limestone and dolomite at base, thin-bedded (less 
than 6 inches), alternating; passes upward into 
maroon shale which constitutes most of the 
m e m b e r -----------------------------------------

Limestone, microcrystalline, pink to dove (Rock- 
Color Chart Committee, 5YR6/1), weathers pale 
blue-gray; average beds about 3 feet; 2 or 3 
partings of orange-weathering dolomite an inch 
or two thick; considerable small chert nodules; 
top 2 feet contains pink shaly material anas
tomosing through the rock--------------- - - —

Dolomite, weathers orange; and pink limestone;
forms secondary ledge---------------------------

Limestone, massive, mottled with pink and white; 
little chert, no dolomite; this "marker bed" 
recognized in Government Butte, Colina Ridge, 
northeast of Epitaph Gulch, near the Prompter 
mine and elsewhere —  —  - - -----------------

Feet 

1 2/3

h i

2

3
1

2-1-
h i

3

18

2k

8

22-1

89
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Section III— Continued

21. Limestone, same as member 20; thrust fault cuts
the section just above------ ------------------  20

22. Limestone and shale, poorly exposed; forms a
slope with a 2-foot ledge of shaly limestone 
that weathers dark brown near bottom of mem
ber -------------------------------------------  23

23. Limestone, pink mottled with orange-weathering
dolomite; cherty, large irregular blotches of 
crown-weathering chert especially prominent 
in dolomitic parts; forms massive ledge - - - - 11

2l+. Limestone, shaly, blue-gray, not well exposed----- 8

Section of lower part of Earp Formation: Feet

25>» Limestone, blue-gray, ranges irregularly along
and across the strike to pink and dove (Rock-
Color Chart Committee, $IR6/l) dolomite; much
nodular chert that weathers conspicuous orange,
especially prominent toward the top where it
commonly forms a nearly solid ledge 6 inches
thick; a massive ledge------ ------------------ - - kh

26, Concealed, probably soft limestone--------------- -

27. Limestone, weathers light gray, somewhat mottled
by dolomite that weathers yellowish-brown; con
tains much chert, weathers orange to red, in 
nodules and lenses up to 2 feet long by 2
inches thick------ ------------------ ------- - - 3%

28. Limestone, aphanitic, weathers light gray; sili-
cified crinoid stems; average bed about 3 feet - - 9a

29. Concealed, probably mostly red shale and shaly
limestone -----------------— ------------------ 37

30. Limestone, coarsely crystalline, pinkish gray;
weathers dark yellowish-brownish gray; highly 
fossiliferous, many gastropods;---- -------—  2

31. Shale, red, and blue-gray limestone, alternating,
mostly nodular, shaly, in beds up to 1 foot thick; 
not well exposed; forms slope; Dunbarinella cf.
D. extenta, (?) Triticites sp. C in lower part - - U7
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Section III— -Continued Feet

32» Sandstone, concretionary, maroon; weathers dark brown; 
partly crossbedded, partly evenbedded; grades 
downward into member 33; ledge-former - - —  —  - 12

33e Sandstone, shaly, thin; sandy shale; blue-gray
shaly limestone; all interbedded; much of lime
stone nodular and concretionary, some nodules 
appear abraded and may have undergone some 
transportation; member as a whole, soft, red 
brown to maroon; slope-former---------------------it2

3lu Limestone, dense, light brownish-gray, somewhat shaly; 
nodular in lower part; massive; less shaly above; 
carries many brachiopods; ledge-former --------- - 9

35• Sandstone, soft gray to reddish-brown, cross- 
bedded limy and shaly, thin-bedded; slope- 
former ------------------------------------------- 75

36, Limestone conglomerate, carries angular to sub
rounded fragments, up to 2 inches across, 
average about one-fourth inch, of brown shale 
and gray limestone in matrix of gray limestone;
soft at base, more resistant upward --- - - - - - -  18

37• Limestone, dark gray on weathered surface; highly
f oraminiferal; ledge-former;---- ------------------  2

38. Limestone, red, locally weathers orange; silty,
current-bedded; forms saddle ---------------------  7

39a Limestone, olive gray, weathers to medium gray; 
stylolitic, Triticites sp. B, T. sp. F, and 
T. sp. G, Dibunophyllum (?) sp.; ledge-former - - - 7

UO. Shale, red, poorly exposed orange-weathering
ledge of dolomite near base, more limestone 
interbeds upward - - - ---------------------------$1

1*1# Limestone, dark gray, weathers medium gray, cry
stalline; forms low ledge-------------------------  2

U2. Concealed, probably shaly limestone or limy shale - - 18
U3. Limestone, light brownish-gray, weathers medium gray,

dense, massive - - ------- —  - - - - — -- ------ I4.
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I4ie Concealed, probably shaly limestone----------------  3

US* Sandstone, limy, locally silicified, fine
grained, (average one-fourth mm), weathers 
conspicuous red-brown - —  - - - —  —  - - - - 3&

l|6e Concealed, probably thin limestone or shale - - —  - 3&

U7. Limestone, gray, pink along joints, massive,
aphanitic---------------------------------------

U8. Concealed, probably thin-bedded limestone----------  3&

i;9. Limestone, dark pinkish-gray, weathers medium
gray------------------------------   1&

$0. Limestone, soft, thin-bedded, pinkish, 2-foot 
bed of orange-weathering dolomite near the 
middle---- -- --------------------- - - - ------- 7

Total Earp Formation-- -------------------------- — 595

Section III— Continued „ ^-----------------------------------------------------  Feet

Horquilla Limestone:

Limestone, dense, microcrystalline, gray, pink along joints, 
generally thick-bedded (top bed is U feet thick).
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Location*— $160 feet N» 60° ¥• of southeastern corner of sec. 21,

T. 21 S., R. 23 E.

Colina Limestone: Feet

Limestone, black, weathers to gray? white calcite
veinlets ? prominent ledge-former---- -- - —  - - - - - 10

Earp Formation:

17# Covered, probably shale? much float from the Colina
Limestone on the surface - - - - - - - -  --  - - - 27

16. Limestone, black, weathers to brown? laminated?
ledge-former------------------------------------- 8

15>. Shale, brown ---------- -------------- - - ------- - 6
lit. Limestone, gray, weathers to a conspicuous "orange-

tan"? laminated? ledge-former --------- --------- It
13. Shale, b r o w n ---- ------------ —  - - ------------- 3
12. Limestone, gray, weathers to a conspicuous "orange-

tan"? laminated? ledge-former ------------------- 6
11. Limestone, pink and gray, weathers to the same

color? massive? rough surface. The limestone 
is separated by 5 feet of inteibedded, thinly 
laminated, red shale and nodular limestone?
Dunbarinella koschmanni at the top of this 
unit? mostly covered, but entire unit is ex
posed in nearby gulley---- ------------------ - - 12

10. Shale, reddish brown - - - - - - - - - -  —  - - - - 12
9. Limestone, pink and gray, weathers to the same 

color? raspy surface? conglomerate at the 
base? ledge-former? prominent "marker bed"
(Gilluly et al., 1 9 %  p. 19, Unit 2 0 ) ----------- 12

SECTION IV
Section of Earp Formation, on the south side of Government Butte



Section IV— Continued
94

Feet

8. Covered, probably interbedded limestones and
brown shales (much of the lower part of the
Earp Formation that Gilluly et al. describe
at the type section (1954# p, 19j appears
to be omitted by faulting in this measured
section because the "marker beds" are above
this unit and the base of the Earp Formation
is 33 feet below). ---- --------------------------75

7. Limestone, brown, weathered surface is light 
brownj red, dolomitic limestone at the top 
of unit j ledge-former--------------------------- 4

6# Limestone, dark brown, weathers to gray3 very
smooth surface 5 ledge-former - - ------- - ------- 2

5o Covered, probably shale ----------------------------- 7
4. Limestone, weathers to dark grayj narrow, red 

calcite veinlets 3 rugose corals, Triticites 
creekensis; Oketaella sp. T. sp. E, Bradyina 
sp«3 raspy surface 3 ledge-former-----------------13

3o Covered, probably shale---------- ------------------ 2

2„ Limestone, black, weathers to dark gray3 rough
exterior 3 ledge-former----- - - - ------- ------- 2

1. Concealed, probably shale-------------------------- ---3

Total Earp Formation-- -------------------------- - 198

Horquilla Limestone:

Limestone, gray, weathered surface is the same 3 raspy 
exterior3 white calcite veinlets5 Triticites sp. A, 
f crams 3 ledge-former - - ------ - - - —  - - —  - - 8



SECTION V

Location.~ 2$10 feet N. 3U° W. of southeastern corner of sec. 1|,

21 S., R. 23 E.

Colina Limestone: Feet

Limestone, black, weathers to charcoal gray; inter- 
bedded with shale; numerous echinoderm stems and 
spines; slope-former - - - - - - -  --  - - --  - - - - 2$

Earp Formation:

27. Limestone, reddish-maroon, weathered surface is 
gray to tan, tan near the top; becomes lamin
ated near the top; ledge-former - —  —  - - - - 11

26. Concealed, probably s h a l e ------------------------- 5
25. Dolomite, red, weathers to a conspicuous "orange- 

tan"; laminated; white calcite blebs; ledge- 
former ----------------------- ------------------  11

21*. Covered, probably limestone interbedded with
brown shale---- -------- --------------------- - 18

23. Limestone, red, weathers to reddish-brown;
interbedded with shale —  - —  - - - —  - - - 9

22. Limestone, maroon, weathers to light gray;
interbedded with shale - ------ - - ------- - - 5

21. Limestone, dark gray and pink, weathers to 
lighter gray and pink; stylolitic; rough 
surface; Schwagerina sp., Triticites aff.
T. ventricosus, echinoderm stems; ledge:—
former; prominent "marker bed" (Gilluly
et al., 1951*, p. 19, Unit 2 0 ) ------------------- ll*

20. Limestone, dark gray and pink, weathers to 
smooth surface; numerous fusulinids,
Triticites ventricosus. Triticites sp. D;
mostly covered; 3 inches thick ------ - l / k

19. Shale, m a r o o n -- ---------------------------------- 5

Section of Earp Formation, southeastern corner of Earp Hill



18. Limestone, dark gray weathers to light gray;
stylolitic; chert lenses; ledge-former --------- 2

17• Concealed, mostly limestone beds less than 1
foot thick, interbedded with shale------------- 7

96
Section V— Continued Feet

16, Limestone, dark gray, weathers to light gray 
and a conspicuous yellowish-brown; some 
chert nodules; echinoderm stems and bryo- 
z o a n s -- -- ----------------------------------- 2

l5o Limestone, white, weathered surface is gray, 
fusulinids 5 feet above base and sparse,
Schwagerina aff. S« loringi weathered and 
poorly replaced; thin beds of shale inter
bedded with the limestone; aligned nodules 
of orange chert; many fractures; numerous 
echinoderm stems; "marker bed" (Gilluly et 
al., 195U, P« 19, Unit 20); ledge-former------- lf>

lit. Concealed, mostly maroon shale - - - - ----- 8
13. Limestone, white, weathers to light gray; soft;

clastic with large sand-sized grains; abund
ant echinoderm stems, some fusulinids; Schwag
erina cf. S. loringi. Triticites aff. T. cella- 
magnus that are reworked--------- - — ----  3

12. Concealed, probably shale ---- -------------- - - - it

U .  Limestone, white, weathers to light gray; soft;
clastic with large sand-sized grains; abundant 
echinoderm stems, some fusulinids: Schwagerina 
cf. S. loringi, Triticites aff. T. cellamagnus 
that are reworked - —  - - - - - - - - - -  1

10. Covered, probably interbedded shale and limestone - 5

9. Limestone, gray, weathers to yellowish-brown, pink, 
blue-gray; laminated; lenses of orange chert; 
ledge-former------ -------- - - - — -- -- - - ij?

' 8. Limestone, pinkish-gray, weathers to blue-gray;
calcite veinlets; ledge-former ----------------- 2

7. Covered, probably interbedded shale and limestone; 
the limestone is dark maroon and weathers to 
blue-gray 7
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Section V— Continued Feet

6. Chert, orangej aligned nodules; 8 inches thick -- 2/3

Limestone, dark gray, weathered surface is 
blue-gray; white calcite veins; ledge- 
former ---------------------------------------  2

Uo Covered, probably interbedded shale and lime
stone -----------------------------------------  17

3» Limestone, dark maroon, weathers to charcoal
gray; abundant echinoderm stems; ledge- 
former ----------   ii

2. Covered, probably interbedded shale and lime
stone ----------  10

1. Conglomerate, contains gray limestone cobbles
and cobbles of black limestone with white 
calcite veinlets; cobbles up to 8 inches 
long; matrix is finely subdivided grayish 
orange pink calcareous material; ledge- 
former ---- -------- - ----------------------- 3

Total Earp Formation - - - ----------- - - ------- I7I4.

Alluvium
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EXPLANATION OF FIGURE 3 

All photos arc unrctouched.

All magnifications x 10 except 2f Page

a,b,c,e. Triticites creekcnsis Thompson; axial sections;
Section IV, Unit h; Government Butte, 7 feet above 
the base of the Earp Formation. Arrow above 2e 
indicates Oketaella sp. associated with T. creekcn
sis. Slides UA-50U, UA-$02, UA-^OO, UA-^07, respec
tively ...............................................37

do Triticites cellamagnus Thompson & Bissell; in
complete sagittal section; Section II, Unit 7}
Government Butte, 63 feot below the base of tho
Colina Limestone. Slide UA-5U9 ................. . „ i|l

f, Oketaella sp.; axial section left x 1*0; sagittal 
top center x 20; sagittal, right x 10; Section IV,
Unit Uj Government Butto, 7 foot above the base of 
the Earp Formationo Slides UA-507 (left), UA-$li7
(top center), UA-5L7 (right), respectively . . . . . .  80

g. Triticites sp. E; axial section. ; Section IV,
Unit li; Government Butte, 7 foot above the base of 
the Earp Formation; associated with T. creckonsis
Thompson and Oketaella sp. Slide UA-^Oo . . . . . . . 62

ho Triticites sp. E (?); axial section; Section
IV, Unit I4; Government Butte, 7 feet above tho
base of the Earp Formation; associated with T. !
creekcnsis Thompson and Oketaella sp. Slide
UA-505 . V ...........................................62
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■ a,g,i,j.

6,c.

d,e*

f,h.

Triticitos sp. Aj top of the Horquilla Lime- 
stone; Sections III and IVj lia, hi, and Uj are 
axial sections j Itg is tangential. Slides UA- 
519 (Earp Hill), UA-5l6 (Earp Hill), UA-520 
(Government Butte), UA-516 (Earp Hill), respec
tively . .........................................

Triticites cellamagnus Thompson & Bissell; 
axial sections; Section II, Unit 7j Government 
Butte, 63 feet below the base of the Colina Lime
stone, Slides HA-509 and UA-508, respectively • •

Triticites ventricosus (Meek & Hayden); axial 
sections; Section V, Unit 20; Earp Hill, 73 feet 
below the base of the Colina Limestone, Slides 
UA-5llt and UA-512, respectively

Triticites sp, B; axial sections; Section III, 
Unit 39; Earp Hill, 102 feet above the base of the 
Earp Formation. Slides UA-521 and UA-523, respec
tively o « • . « .................................

EXPLANATION OF FIGURE U
All magnifications x 10.

Page

U9

la

kk

52
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EXPLANATION OF FIGURE $
All magnifications x 10

Page

a. Triticites sp. Fj axial section; Section III,
Unit 39j Earp Hill, 102 feet above the base of
the Earp Formation; associated with T. sp. G and
T. sp. B. Slide UA-52U.............. .............  65

b. Triticites sp. G; axial section; Section III,
Unit 39; Eaip Hill, 102 feet above the base of 
Earp Formation; associated with T. sp. B and T.
sp. F. Slide UA-525 ........  7 .......... ”. . . . 65

c. Triticites sp. B; axial section; Section III,
Unit 39; Earp Hill, 102 feet above the base of the
Earp Formation. Slide UA-522 ......................... 52

d, f,h. (?) Triticites sp. 0; axial sections; Section
IH, Unit 31; Earp Hill, 275 feet above the base 
of the Earp Formation; probably an immature form 
of Dunbarinella cf. D. extenta Thompson (see Figs.
6a, 6b, 6c, 6d, and "Se). Slides UA-527, UA-528,
UA-537, respectively . ............................. 56

e, g. Triticites sp. D; axial sections; 5e is from
Section I, Unit 10, northeastern ridge at Epitaph 
Gulch, 73 feet below the base of the Colina Lime
stone; 5g is from Section V, Unit 20, Earp Hill,
73 feet below the base of the Colina Limestone.
Slides UA-532 and UA-531, respectively.......... .. 59
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EXPLANATION OF FIGURE 6
All magnifications x 10.

Page
Duribarinella cf. D. extenta Thompson; axial sec

tions; Section III, Unit 31; Earp Hill, 275 feet 
above the base of the Earp Formation; 6b and 6e are 
apparently mature; 6a, 6c, and 6d are probably inter
mediate growth stages between (?) Triticites sp. C 
(see Figs. 5d, 5f, and $h) and 6b, 6e. Slides 
UA-536, UA-533, UA-538, UA-535, and UA-53li, respec
tively ..............................................  6?

Dunbarinella koschmanni (Skinner); axial sec
tions; Section IV, Unit 11; Government Butte, 5U 
feet below the base of the Colina Limestone.
Slides UA-5U0, UA-5^2, UA-539, UA-5L1, respec
tively ..............................................  71
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EXPLANATION OF FIGURE 7
All magnifications x 10 except views. Page

Schwagerina cf. S. loringi (?) (Thompson); in
complete axial section; Section V, Unit 13; Earp 
Hill, 112 feet below the base of the Colina Lime
stone. Slide UA-5U8 ....................... 7U

Schwagerina cf. S. loringi (Thompson); axial 
sections; Section V, Unit 13; Earp Hill, 112 feet 
below the base of the Colina Limestone. Slides 
UA-5U3 and UA-514t, respectively............ .. 7U

View looking northward at measured section V, 
southeastern corner of Earp Hill, Cochise County, 
Arizona. Photo taken from point B, Fig. 8. East- 
west distance is approximately 0.1*6 mi. Pee—  
Earp Formation (Permian), Pc— Colina Limestone
(Permian)........ ............................ • Hi

Schwagerina sp.; axial section; Section V,
Unit 21; Earp Hill, 39 feet below the base of
the Colina Limestone. Slide UA-51*6 . . . . . . .  78

View looking northward at the type section of 
the Earp Formation at Earp Hill in the Tombstone 
Hills, Cochise County, Arizona. Photo taken 
from point A, Fig. 8. East-west distance is 
approximately 0.1*0 mi. Ch— Horquilla limestone 
(Pennsylvanian), Pee— Earp Formation (Permian),
Pc— Colina Limestone (Permian). ................. 12

Bradyina sp.; cross sections; Section IV,
Unit 1*; Government Butte, 7 feet above the base 
of the Earp Formation; associated with Triti- 
cites creekensis Thompson, T. sp. E, and 
Oketaella sp. Slide UA-$0l*. none
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