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ABSTRACT

Fusulinids are benthic marine microfossils that lived during the late Paleozoic Era 

(Pennsylvanian-Permian) in a usually warm shallow water environment. Because of their 

world wide distribution, great abundance, and diversity they are considered good index 

fossils.

This study is focused on Permian rock correlations based on fusulinid faunas 

obtained by resampling previously measured sections in southeastern Arizona, and the 

measuring and sampling of three stratigraphic sections in Sonora, Mexico.

In southeast Arizona at the Hill 14 locality east of Douglas the Earp formation was 

verified as Wolfcampian in age. In the same locality a late Wolfcampian-early Leonard!an 

age was assigned to the base of the Colina Limestone. An Early Leonardian age in the 

middle (?) and upper part of this formation was also confirmed.

In central east Sonora the Arivechi section was assigned a late Wolfcampian-early 

Leonardian age. In central Sonora the Willard quarry section I was designated as late 

Leonardian-early Guadalupian in age. The Willard quarry section II was designated an 

early Guadalupian in age.
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INTRODUCTION

Generalities

The deposition^ history of Upper Paleozoic rocks in southeast Arizona has been 

studied by several authors who are in general agreement about stratigraphic nomenclature, 

fusulinid identifications, and correlations (Gilluly, 1954; Sabins, 1957; Ross and Tyrrell, 

1965; 1973; Armin, 1986). However, the paleogeographic reconstruction and correlations 

of Paleozoic rocks in Sonora have been a subject of debate and controversy, since most of 

these sediments are considered to be of allochthonous origin (Anderson, 1979; Noll, 1981; 

Radelli, 1987; Poole, 1988). Paleozoic rocks of central Sonora have been described as 

tectonically displaced tens of kilometers from the Cordilleran belt in North America in 

northwesterly trends across the Sierra Madre Occidental (Anderson, 1979; Bartolini, 1988; 

Gastil et al., 1991). Radelli (1987), also discusses in central Sonora allochthonous bodies 

by the presence of overthrusts folds (nappes). In both cases these allochthonous rocks are 

considered basinal deposits of lower Paleozoic age which rest upon an early Permian 

platform.

Upper Paleozoic sediments in Sonora were primarly deposited in a shallow water 

marine shelf environment They contain an abundant benthic fauna including fusulinids of 

Wolfcampian, Leonard]an and Guadalupian age. These rocks are usually reported in fault 

contact with Ordovician to Pennsylvanian rocks of a deeper water origin (Peiffer, 1987; 

Poole, 1988). Several hypotheses have been proposed to define the edge of the Paleozoic 

shelf and to explain the distinctive depositional facies from the northern and central regions 

of Sonora (Noll, 1981; Menicucci, 1982; Minjarez, 1985; Peiffer, 1987; Pubellier, 1987).

Peiffer (1987), based on fusulinid studies discusses a possible connect during 

Paleozoic time between the Ouachita-Marathon orogeny to the east and the Cordilleran belt
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to the west into Sonora.

Upper Paleozoic rocks in Sonora are common and many of them have already been 

studied by different authors; however most results are unpublished papers or proprietary 

information. This has made paleontological study and correlation difficult Permian rocks 

in this region contain abundant fusulinids, yet only a few of these have been identified to 

the species level. In fact, no systematic description of Upper Paleozoic fusulinids in Sonora 

exists. (Fig. 1).

In order to establish correlations for the Permian between southeast Arizona and 

Sonora, I studied the typical fusulinid faunas from one location in Arizona and two in 

Sonora.

In southeast Arizona fusulinids from lower Permian rocks of Wolfcampian- 

Leonardian ages are abundant in the Earp Formation. They are absent from the Colina 

Limestone except from one locality (Hill 14) in southeastern Arizona and have not been 

collected from the Epitaph and Scherrer formations. They increase in abundance again in 

the Concha Limestone (Leonardian-Guadalupian). The Earp Formation and the Colina 

Limestone at the Hill 14 locality, because of the fusulinid occurrences, can be used to 

delinate the Wolfcampian-Leonardian boundary.

For my study I resampled previously measured sections at the Hill 14 

locality. Two different areas were selected in Sonora. The first is the Willard quarry (two 

sections) located about 16 km southeast of Hermosillo, and the second is the Arivechi 

section, located about 30 km southwest of Arivechi (Figs. 1,3 and 4).
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Purpose

The purpose of this research is to correlate Permian age sedimentary rock sequences 

in Arizona with those in Sonora, based on a study of their fusulinid faunas. Petrography 

and systematic paleontology were used to identify changes in depositional environment and 

to establish biostratigraphic zones. A final purpose is to understand to some extent the 

biogeography and evolutionary lineages of some fusulinid species.

Previous Work

The earliest Upper Paleozoic correlations in Sonora were made by Taliafierro 

(1933) based upon the dominantly carbonate rock sections in the Morita Mountains of 

northeastern Sonora. He compared these rocks with the Naco Limestone (Pennsylvanian) 

in Arizona. Cooper (1965) used fusulinids to assign the Monos Formation in Caborca 

(northwest Sonora) to the Guadalupian stage in North America.

Lopez-Ramos (1969), correlated Precambrian and Paleozoic rocks from southern 

Arizona with several localities in Mexico including Sonora. Tovar (1969), working in the 

Sierra de Teras of northeastern Sonora, correlated what he called Units in, IV and V with 

the Earp, Colina, and Scherrer formations, respectively, in southeastern Arizona based on a 

study of fusulinids.

Himanga's (1977) stratigraphic column for Sonora, included a comparison of the 

Tigre Limestone in Sonora with the Naco Group in Arizona. Hewett and Schmidt (1978) • 

correlated the east-central Sonora Lower Permian with the El Tigre Formation in 

northeastern Sonora. They used fusulinids where present to equate their rocks with the 

Earp Formation, Colina Limestone, and Epitaph Dolomite in southeastern Arizona.

Wilkinson (1978) also correlated the Naco Group in southeastern Arizona and New
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Mexico with the El Tigre Formation and rocks exposed at Puertecitos, northeastern Sonora.

Noll (1981) reported the fusulinid fauna in the Sierra de Cobachi of central Sonora 

to be equivalent to that in the Naco Group in Arizona.

Peiffer (1987) established Paleozoic correlations for stratigraphic columns from 

northern, eastern and central Sonora, including some localities in southeastern Arizona.

Most recently Lyons (1989) presented correlations of Pennsylvanian-Permian rocks 

from several southwestern U.S. localities, including a correlation between southeastern 

Arizona and the El Tigre Limestone of northeastern Sonora.

Location and Accessibility

The Hill 14 locality is actually an isolated hill located in section 14, T. 24 S., R. 31 

E. (Guadalupe Canyon quadrangle) about 45 km east of Douglas in the southeastern comer
i

of Arizona (Figs.l and 2). Access to the area is by a jeep trail south from the Magoffin 

Ranch (formerly known as the Quimby Ranch) at any time of the year. The hill lies chiefly 

in the United States with the International Boundary crossing the toe of the south slope.

The Arivechi section is located near the village of Arivechi in central eastern Sonora 

approximately 240 km east of Hermosillo at latitude 28° 51* 10" North and longitude 109° 

18' 16" W est Rugged topography characterizes the area which is bounded by the Sierra 

Santo Domingo and the Real Viejo (Fig. 3). The measured section is located near the 

Ebenezer mine about 30 km to the southwest of Arivechi. Access to the area from Arivechi 

is via a primitive one-lane road with steep mountain grades. Field work in the rainy season 

(December-February) is inconvenient because of road conditions. In any case, a good field 

vehicle is recommended for access to this area.

The Willard quarry is located in central Sonora, about 16 km southeast of
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Hermosillo just 1.5 km east of a country road. The quarry is located at latitude 28° 57* 30" 

North and longitude 110° 50' 25" West (Fig. 4). Section I is on the east side of the quarry 

and section II is on the west side.

Held and Laboratory Procedures

The selection of samples from the formations in Hill 14 east of Douglas, Arizona 

was based mainly on previously measured sections and fusulinid content (Dirks, 1966, 

Lyons, 1989), along with extensive reconnaissance of the area. Limited work was done in 

the Arivechi area of Sonora, because of transportation problems, road conditions and 

uncooperative weather.

Three measured sections were obtained in Sonora: one near the Ebenezer mine in 

the Arivechi area and two in the Willard quarry near Hermosillo. These sections were 

measured using a Brunton compass and steel tape. Samples were taken at each lithologic 

change; lithologies described in the field were classified using the general field textural and 

compositional terms of Dunham (1962).

The laboratory analysis included 50 rock thin sections stained with Alizarin Red-S 

to determine dolomite content The microfacies study was done with a petrographic 

microscope using Folk's (1974) classification for limestones. Over 500 oriented thin 

sections were prepared for identification and description of the fusulinids. The preparation 

for these consisted of the following steps:

1. Cut from the large limestone samples with a diamond saw slabs that are three or 

four millimeters thick. Cut slabs parallel to bedding plane and perpendicular to this 

plane in order to obtain fusulinids with good axial and equatorial section 

orientation.
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2. Submerge each slab for a few seconds in concentrated hydrochloric acid; rinse in 

water.

3. Observe each slide with a binocular microscope so as to mark the best specimens 

with a colored pencil.

4. Make use of a diamond blade trim saw to cut out well oriented fusulinids.

5. Hold this small chip so as to grind and polish each exposed fusulinid to reveal a 

clear view of the proloculus; this is now an oriented section although the fluting at 

the ends of the fossil fusulinid may not be alike. In a similar manner selected chips 

may be ground and polished to obtain a tangential oriented section.

6. Cement the polished side to a glass slide. Grind the mounted chip to the desired 

thickness. This process is the same as the preparation of a normal rock thin section.

Determination and description of the fusulinids also included the measurements of 

the morphological features (Fig.9). Measurements were made by choosing the best axial 

and equatorial cuttings and projecting the image of a specimen from a thin section onto a 

screen at a magnification of 24 times. Dimensions of the image were then read in 

millimeters. The results of these measurements are included in Appendix A.

The oriented thin sections were made in the Geology laboratory at the University of 

Texas Arlington, under the supervision of Dr. Merlynd Nestell.
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UPPER PALEOZOIC STRATIGRAPHY OF SOUTHEAST

ARIZONA

Generalities

The Naco Group was originally described by Ransome (1904) as the "Naco 

Limestone" Formation of Pennsylvanian age in the Naco Hills, south of Bisbee, Arizona. 

Later, Gilluly and others (1954,1956), elevated this formation to Group status including 

all Pennsylvanian (Morrowan-Virgilian) and Permian (Guadalupian) strata in southeast 

Arizona and New Mexico. These formations are in ascending order Horquilla Limestone, 

Earp Formation, Colina Limestone, Epitaph Dolomite, Scherrer Formation, and Concha 

Limestone. (Fig. 1). The type localities are in the Gunnison Hills in Cochise County, 

southeast comer of Arizona.

Earp Formation

General Description

The Earp Formation (Upper Pennsylvanian-Lower Permian) is a thick series 

of interbedded red shales, siltstones, chert pebble conglomerates, and limestones that 

include some fossiliferous beds. The chert pebble conglomerate unit is a unique feature of 

this formation and has been used as a marker bed (Dirks, 1966; Rea and Bryant, 1968; 

Armin, 1986; Lyons, 1989).

The type locality of this formation was established at Earp Hill eight km 

southeast of Tombstone (Gilluly et al., 1954). The thickness of the Earp Formation at the 

type locality is nearly 500 m. At Hill 14 in the contact with the overlying Colina is
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gradational from the red sandstones and siltstones of the Earp to the dark thin bedded 

limestone of the Colina. The contact with the underlying Horquilla is not exposed (Dirks, 

1966).

Lithology and Micropaleontology

At Hill 14 the thickness of the Earp Formation is about 133 meters, and it may 

be divided into upper and lower members (Dirks, 1966; Armin,1987). The upper member 

comprises 68 meters of unfossiliferous red siltstone with dark micritic limestone layers.

The lower member comprises 65 meters of red or reddish orange fusulinid-rich 

limestones interbedded with red siltstones (Dirks, 1966; Armin, 1987). In this member I 

collected unevenly spaced samples from the base to the top of this section (Fig. 6). The 

limestones gradually change in color from dark gray to brownish, yellowish, and orange as 

a result of variations in iron content and the extent of iron oxidation.

Furthermore, the limestones contained abundant fusulinids (fusulinid packstone), 

and fossil hash, including crinoid stems, echinoid spines, bryozoa, some brachiopods and 

gastropods.

The petrographic study of the limestone showed them to be dominated by a 

calcareous mud matrix, without terrigenous elastics, and great number of foraminifera, 

including fusulinids and paleotextularida. Most fusulinids are complete; a few are broken 

and randomly oriented and show signs of wear. (See Appendix, p. 133).

Well preserved paleotextularida such as Climacammina Tetrataxis (PI. 1, fig. 6) 

and Globivalvulina (PI. 1, fig.7) and other trochospiral and tubular forms rTuberitina) were 

also observed. Finally algal debris such as Calcisphaera. Mizzia. and the encrusting alga 

Tubiphvtes were also found. This assemblage is commonly found in rocks of Permian age 

(Toomey, 1977; Flugel, 1978).
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Besides foraminifera, crinoid plates, bryozoa, brachiopoda, scarce trilobite and 

mollusk fragments, rounded micrite intraclasts, and dispersed hematitic grains are readily 

visible in thin section.

Age

In the lower member of the Earp Formation in Hill 14, Dirks (1966) reports the 

presence of several fusulinida of Wolfcampian age including in ascending order: 

Schwagerina. Schubertella kin pi. Oketaella. Pseudoschwaperina. Triticites. Staffela. and 

Ruposofusulina.

In the same locality I identified the following species, from the base to the top: 

Pseudochusenella sp. A (PL 2, figs. 2-3), Paraschwaperina cf. P. fax (Thompson and 

Wheeler) (PI. 2, figs. 4-6), Ruposofusulina sp. A (PI. 3, figs. 1-3), Schwagerina sp. A 

(PI. 3, figs. 7-8), Schwaperina providens Thompson and Hazzard (PI. 3, figs. 5-6) 

Pseudoschwaperina beedei Dunbar and Skinner (PI. 4, figs. 4-5) and Pseudoschwaperina 

uddeni (Beede and Kniker) (PI. 4, figs. 1-3). This faunal association is also indicative of a 

Wolfcampian age (Dunbar and Skinner, 1937; Needham, 1937; Thompson, 1946,1954; 

Newell, 1953; Sabins and Ross, 1963).

Environment of deposition

Based upon the paleontology and the petrographic study of the limestones of the 

lower member of the Earp Formation, I interpret the environment of deposition to have 

been a shallow marine platform in a warm sea. The area underwent continuous deposition 

of calcareous mud in a low energy, aerobic environment.

The great faunal abundance and diversity suggests that the area was optimal for
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carbonate production. The encrusting algae Tubiphvtes and Mizzia fragments are important 

components of the limestones. The crinoid-fusulinid-paleotextularida community observed 

in this area falls within the range of fossil assemblages commonly found in offshore normal 

marine waters, where factors such as salinity and depth appear to have remained constant 

through the time-span represent by the faunal assemblage (Bretsky, 1968; Stevens, 1966, 

Yancey, 1981). According to Stevens (1966,1969), a benthic fauna assemblage dominated 

by fusulinids and paleotextularida in association with bryozoa and crinoids suggests a 

water depth of 20 to 50 meters. However inmature fusulinids could live in water as shallow 

as 4 meters (Stevens op cit).

Large, subglobose species of Pseudoschwagerina and Paraschwagerina may be 

indicative of low energy environments (Yancey, 1981). They are likely to have been 

floating or suspended forms at or near the water surface where they could be easily moved 

by currents (Coogan, 1960; Ross, 1963).

Colina Limestone

General Description

The Colina Limestone consists of dark gray limestone of micritic texture with 

scattered chert nodules and interbedded dolomite. Gastropods, echinoid spines, 

scaphopoda tubes and brachiopod shells occur, while fusulinids, ammonites, bryozoa, 

corals, and trilobites are rare (Gilluly, 1954; Dirks, 1966; Wilt, 1969,1990; Lyons 1989).
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Section HI, 
Earp

Sompl* 600
Scctioa IIA 
ColiW.

Section IIB 
Colina

I ARIZON A ____
SONORA, MEXICO

Figure 2. Location of the Hill 14 and the measured sections in Cochise county, 
SE Arizona (from Dirks, 1966; Lyons, 1989). Hill 14 is located chiefly in section 
14.T.24S., R.31E.. The Qttimby Ranch has been renamed the Guadalupe Canyon 
Ranch/Magoffin Ranch.
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The type locality is Colina Ridge in the Tombstone Hills about 3 km south of 

Tombstone, Arizona. Thickness of the Colina Limestone is 155 m at the type locality 

(Gilluly et al., 1954); however, the greatest thickness (302 m) is found at the Southeast 

Ridge section in the same area (Wilt, 1990). At Hill 14 east of Douglas the Colina 

Limestone is 290 m thick (Dirks, 1966; Lyons, 1989).

The contact of the Earp Formation with the overlying Colina is comformable and 

gradational from the red siltstone of the Earp to the dark limestone of the Colina (Gilluly 

and others, 1954,1956; Dirks, 1966; Lyons, 1989). The upper contact of the Colina with 

the Epitaph Dolomite is exposed in the Quimby Hills (located north of Hill 14) where 

intercalated limestones and dolomites of the Colina grade into the mottled dolomitic 

limestone and dolomite of the Epitaph Dolomite (Dirks, 1966).

Lithology and Micropaleontology

On Hill 14 I sampled the Colina Limestone. It consists of thin-and-thick bedded 

light gray, weathering brownish gray limestone with interbedded dolomites and scattered 

silty laminations and cross laminations. In general the outcrop shows regular bedding.

Benthic macrofauna and microfauna are usually found in concentrated zones within 

individual beds and consist mainly of gastropods, brachiopods, some corals, and 

fusulinids. Petrographic study showed patches of partially recrystallized micrite along with 

minor silicification as well scattered hematitic patches. Some brachipods, bryozoa and 

echinoid plates were observed. Abundant fusulinids, but of low diversity, were found 

mainly in the upper part of the section. Other foraminifera such as Paleotextularia (PI. 1, 

rig. 5), Globivalvulina (PI. 1, fig. 7) and Tuberitina also occur. Algal debris such as 

Tubiphvtes and Calcisohaera and abundant Mizzia fragments were also found (Fig. 6, and 

Appendix, p. 135).
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Age

On Hill 14 fusulinids in the Colina Limestone are locally abundant. A few species 

have been reported in the Mule Mountains, Pedregosa Mountains, and Guadalupe 

Mountains (Hill 14), in southeast Arizona.

In the Mule Mountains Hayes and Landis (1965) reported Triticites sp. aff. I .  

ventricosus (Meek and Hayden) at the base of the formation, but these collections may 

represent Earp Formation lithologies. In Limestone Mountain in the Pedregosa Mountains 

Triticites californicus Thompson and Hazzard, Schwagerina sp. and Staffella sp. are 

reported to occur at the base of the section (Epis, 1956).

A Wolfcampian age is assigned to the lower part of Colina Limestone in these areas 

(Hayes and Landis, 1965; Epis, 1956).

Hill 14 in the Guadalupe Mountains has the highest reported fusulinid content from 

the Colina Limestone (Dirks, 1966; Lyons, 1989). Dirks reports the presence of Staffella 

(about 50 m above the base of the section) as well as Schwagerina and Parafusulina 

upsection. Lyons mentions a similar faunal assemblage to that reported by Dirks, including 

Nankinella and Endothvra. Lyons also reports Parafusulina and Schwagerina in the upper 

part of the formation. This fusulinid fauna helps to assign to the Colina Limestone as early 

Leonardian age (Lyons, 1989).

Approximately 50 meters above the base of the Colina, I collected an Endothyridae 

(Upper Devonian-Lower Permian) (PI. 1, figs. 1,2) and Schubertella sp. (Upper 

Pennsylvanian-Lower Permian) (PI. 1, Figs. 3-4-8) (Fig. 6). The long stratigraphic range 

of these genera could place these forms in the late Wolfcampian age. The highest fusulinid 

content was observed about 50 to 60 meters below the top of the Colina (Fig. 6) where 

abundant Schwagerina guembeli Dunbar and Skinner (PI. 5, figs. 2-4) were identified 

along with a few 3.. dueoutensis Ross, (PI. 7, figs. 1-3). These species are typical of an
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early Leonardian age (Ross, 1960; 1962)

In sample 600 (Fig. 2), I found these fusulinids; Parafusulina cf. £• deltoides Ross 

(PL 5, fig. 6), P. Iconardensis Ross (PI. 5, fig. 1), £. cf. £• brooksensis Ross (PI. 7, figs. 

4-5), scarce Schwagerina dugoutensis Ross and £. guembeli Dunbar and Skinner were 

identified.

Most of the species described suggest Leonardian ages. (Ross, 1960, 1962; 

Magginetti, 1988). Unfortunately, it was not possible to ascertain the stratigraphic position 

of sample 600. Topographically it is found between sections IIA  and II B of the Colina 

Limestone on Hill 14, and probably represents the middle or upper part of the Colina (Fig. 

2).

Environment of Deposition

The Colina Limestone was deposited in a low energy environment, of a quiet, 

stable platform with restricted circulation-perhaps in a shallow lagoon where salinity 

increased from time to time. This is indicated by:

1. the presence of calcareous mud and scattered silty laminations, showing 

probably seasonal variations;

2. the scarcity of metazoan marine fauna and benthic foraminifera including the 

fusulinida and paleotextularida;

3. the lack of variety but abundant fusulinids of the same species which decrease in 

size near the top of the section (i.e. Schwagerina guembeli Dunbar and Skinner);

4. the abundance of Mizzia. a calcareous green algae common in marine lagoons 

(Johnson, 1961; Wray, 1977); and

5. the lack of obvious current bedding in the outcrop.
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PERMIAN CORRELATIONS IN SOUTHEAST ARIZONA

Permian stratigraphic correlations that have been made in southeast Arizona are 

based on lithological and facies changes, stratigraphic position, faunal assemblages, and 

particularly fusulinid content

Sabins (1957), Ross (1963), Sabins and Ross, (1963, 1965) and Ross and Tyrrel 

(1965) have established biostratigraphic correlations using fusulinids in the Chiricahua, 

Dos Cabezas and Whetstone Mountains within the Earp Formation and the Concha 

Limestone (Virgilian through Guadalupian). The Colina, Epitaph and Scherrer formations 

are considered Leonardian in age based on fossil assemblages, facies change, and 

stratigraphic position.

McClymonds (1959) correlated Paleozoic Naco Group rocks from several localities 

in central Pima County with the Gunnison Hills and Tombstone Hills in central Cochise 

County.

Dirks (1966), working at the Quimby Ranch (now the Magoffin Ranch) locality in 

the Guadalupe Mountains assigned a Wolfcampian-Leonardian age to the Earp-Colina beds 

based upon fusulinids. His fusulinid collection from Colina Limestone beds came from the 

Hill 14 locality and represents the first fusulinids to have been collected from the Colina 

Limestone in southeast Arizona. Fusulinids were also abundant in the Earp Formation on 

Hill 14 and the hills just to the north of Hill 14 and east of the old Quimby Ranch house.

Wilt (1969) redescribed the Colina Limestone in the Tombstone Hills using modem 

carbonate rock terminology. She measured and correlated six new measured sections. 

Correlations were based chiefly on lithologies and a meager fossil assemblage. This 

research helped others to recognize the Colina environment of deposition and the various 

lithologies in other mountain blocks.

Armin (1986) established regional correlations for the Earp Formation
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(Pennsylvanian-Permian) using numerous sections in southeast Arizona and southeast New 

Mexico. The correlations were based mainly on lithologies and faunal assemblages, 

including fusulinids, and the position of a prominent red chert pebble conglomerate bed.

The Naco Group rocks of southeast Arizona also have been correlated with those in 

the Grand Canyon section. The facies changes from the dominantly carbonate and 

nonclastic deposits of southeastern Arizona to the considerably sandier deposits in northern 

Arizona is remarkable (Stoyanow, 1936, 1942; Guilluly, 1954; Ross, 1978; Wilkinson, 

1978; Blakey, 1990) (Fig. 7).
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UPPER PALEOZOIC STRATIGRAPHY OF SONORA 

Generalities

Rocks of Permian age are widely distributed in the northern, eastern and central 

parts of Sonora. Because formal stratigraphic units have not been established, a brief 

review of the main works is necessary for reference.

El Tigre Formation, described by Imlay (1939), along Canon Santa Rosa in the 

northeastern Sonora has about 1680m of Permo-Carboniferous limestone with chert and 

interbedded shales rich in fusulinids. Approximately 1080m belong to the Permian 

sequence (Imlay, 1939). According to Alvarez (1949), Hewett (1978), Schmidt (1978) and 

Lopez Ramos (1985) this section can be considered the type locality, though the sequence 

is incomplete. The fusulinids Parafusulina skinneri Dunbar and P. sonoraensis Dunbar 

were formally described by Dunbar (1939) as Leonardian in age (Table 3).

In Cerro La Morita, 40 km north of Cananea (Fig. 5), 785m of partially sandy 

dolomites of Lower Pemtian age have been described. This is the only area known in 

northern Sonora where a relatively complete Permian sequence occurs. This section can be 

correlated with the Naco Group of southeast Arizona except for the Concha Limestone 

(Peiffer, 1987). According to Maldonado (1954), La Morita should be the type locality of 

the Naco Group in Sonora.

Lower Permian sediments in these areas are disconformably overlain by Lower 

Cretaceous rocks of the Bisbee Group (Imlay, 1939; Peiffer, 1987).

Noll (1981) proposed that the Picacho Colorado Limestone in Sierra de Cobachi, 

Sonora should be designated as the type locality for Lower Permian age strata of central 

Sonora (Fig. 5). The locality comprises about 1450m of Mississippian, Pennsylvanian and 

Permian strata. However, these sediments are considered of allochthonous origin (Noll,
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1981).

In Sierra El Encinal and La Zacatera, about 14 km south of Bacanora (Fig. 5), 

Hewett (1978) and Schmidt (1978) described a 1019m thickness of Lower Permian rocks. 

They correlated these rocks with the El Tigre Formation in northern Sonora (Fig. 7). 

However, Minjarez and Torres (1987) proposed the term Santo Domingo Group for the El 

Encinal sequence described by Hewett and Schmidt arguing that the variety and thickness 

of this sequence allowed its division into several formations (Fig. 7).

Other localities have been reported by other authors in the north and along an east- 

west transect through central Sonora. They are listed in Table I. Most of them have been 

considered to be Wolfcampian-Leonardian rocks based on the presence of benthonic 

foraminifera, including fusulinids and paleotextularida, as well crinoids, bryozoans, some 

mollusks, brachiopods, and algae.

Arivechi Section

General Description

The most extensive rocks described in the Arivechi area are represented by 

limestones and interbedded elastics and chert of Permian sequences in fault contact with 

Jurassic and Cretaceous volcanoclastics (King, 1939, Flinn, 1977, Himanga.1977, 

Hewett, 1978, Schmidt, 1978, Ornelas, 1984, Palafox et al.; 1985; Palafox, 1985; 

Minjarez, 1987, Pubellier, 1987). The Permian units and the clastic rocks of Jurassic- 

Cretaceous age are thought to be allochtonous (Minjarez et al., 1985; Pubellier, 1987).
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The term "Santo Domingo Group" was first applied in Sierra Santo Domingo to the 

El Cajoncito and Cerro Real Viejo sections (Minjarez and Torres, 1987); this is close to the 

Arivechi section, which was the area chosen for my study (Figs. 1 and 3).

Lithology and Micropaleontology

The Arivechi section is a 170m thick sequence of reddish-brown sandy limestone, 

interbedded with thin- and thick-bedded, sometimes sandy, blocky red sandstone and 

siltstone (20 to 50 cm thick) as well gray massive laminated limestone. Horizontal and 

cross-bedded sandy layers are common, along with iron concretions and fusulinid casts. 

Fusulinids and crinoidal debris are abundant; bryozoa and brachipods are common; and 

corals and mollusks are scarce (See Appendix C).

Large, thick-shelled fusulinids are embedded mainly in sandy limestone. In some 

samples fusulinids are aligned with the orientation of cross bedding.

Petrographic study showed several sharp contacts from fossiliferous to 

unfossiliferous calcareous siltstone and sandstone. The sandy limestones near the base of 

the section contained less quartz sand and more dark colored organic matter.

Petrographically, most samples are fossiliferous silty and sandy limestones, which 

are slightly dolomitized in patches. The quartz grains are "floating" in the microcrystalline 

carbonate matrix; sometimes authigenic quartz (crystal overgrowth) is present In general 

the quartz grains, which are angular and subangular, are within the range of silt and very 

fine sand. Also, this lithology includes grains of plagioclase, mica, zircon, and a few 

metamorphic rock fragments. Rounded detrital chert grains varying in size from less than 1 

to 2 or 3 mm, were also found. Magnetite grains altered to hematite occur as isolated 

crystals and in well developed laminations of a single grain thickness (See Appendix, 

p.137).
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The massive, laminated limestones have a micritic matrix, usually with abundant 

crinoidal plates and bryozoa, some foraminifera including fusulinids, a few arenaceous 

forms such as Tetrataxis (PL 1, fig. 6); brachiopods, mollusc fragments, and ooids, scarce 

trilobite fragments, the encrusting algae Tubiphvtes: algal (?) pisolites, and dark colored 

organic matter. A similar faunal assemblage was found in the silty and sandy limestones, 

but in lesser amounts. However: fusulinids were remarkably abundant in the calcareous 

siltstone.

In most of the samples the fusulinids, crinoid stems and other fossil fragments 

showed current orientation, which indicates paleocurrent direction. In this this locality the 

walls of the fusulinids were much thicker than specimens observed in southeastern Arizona 

(Hill 14).

Age

Fusulinids identified through the entire Arivechi section were:

Parafusulina (Skinnerellal brevis Skinner (PI. 8, fig. 2), Parafusulina cf. P. brooksensis 

Ross (PI. 7, figs. 4-5), E- cf. P. allisonensis Ross (PI. 6, figs. 5-6), Schwagerina 

crassitectoria Dunbar and Skinner (PI. 5, fig. 5) £• guembeli Dunbar and Skinner (PI. 5, 

figs. 2-4) and Monodiexodina linearis (Dunbar and Skinner) (PI. 5, figs. 2-4).

This faunal association is indicative of an early Leonard!an age (Dunbar and 

Skinner, 1937; Thompson, 1954; Knight, 1956; Ross, 1960,1962; Skinner, 1971), with 

exception of M. linearis (mainly in the middle of the section), which has been reported also 

in rocks of late Wolfcampian age (Dunbar and Skinner, 1937; Ross, 1963). Thus, a late 

Wolfcampian-early Leonardian age is presented for the Arivechi section (Fig. 6).

Also near the middle of the section (sample 8c), Fusulinella sp. indicative of middle 

Pennsylvania age (Atokan) was found. This sample may be in fault contact with Permian
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rocks, or it may represent erosion from older fusulinid bearing rocks into Permian 

deposits.

Environment of deposition

The rocks of the Arivechi section suggest deposition in an open shelf,shallow 

marine environment affected by waves or currents with an intermittent supply of 

terrigenous material. Evidence for this includes the fossiliferous calcareous siltstone, with 

the common alignment of the fusulinids, the cross-bedding, occasional interruptions in 

lithology, worn and broken fusulinid shells, and disarticulated crinoidal stem plates. The 

broken faunal material indicates transport or reworking of the bioclastics.

The elongate, cylindrical shape of the fusulinid test (like Monodiexodina and 

Parafusulina) and their low bulk density as well as their thick shells specialize them for life 

in shallow, agitated water (Coogan, 1960; Ross, 1961; Scholle, 1983). This type of fauna 

is an ideal current indicator. In this case it indicates moderately high energy because most 

of the clastic material is well sorted. The presence of angular and subangular silt-size quartz 

along with some plagioclase, mica, zircon, and rounded rock fragments, indicates a source 

not far away.

During heavy storms or storm tides the same grains could have been transported 

some distance away from the shoreline and deposited in slightly deeper waters. This 

statement is based upon the observation that most terrigenous grains are “floating”in micrite 

which suggests transportation to and ultimate deposition in quiet marine environment

Also, the interbedded silty or sandy blocky beds in the limestones are suggestive of 

an increase in clastic supply from time to time.
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Willard sections I and II

General Description

The Willard quarry, located about 16 km southeast of Hermosillo, exposes 

Mississippian, Pennsylvanian and Permian limestones and dolomites (some 

metamorphosed), sandstones and chert (Flores, 1929; Rodriguez,1981; Peiffer, 1987).

The limestones are rich in crinoids, bryozoans, corals, brachiopods, and fusulinids.

The Willard quarry has been opened in small hills located 3 to 4 km to the west of 

the Cerro Prieto and Sierra Santa Teresa (Figs. 1 and 4).

The Sierra Santa Teresa preserves the thickest Upper Paleozoic rock sequence that 

outcrops near Hermosillo. In this area Peiffer (1987) describes a 1500m thickness of 

Pennsylvanian-Permian units, comprising limestones, sandy limestones and black nodular 

and bedded chert. The faunal assemblage includes crinoids, bryozoa, brachiopods, corals, 

fusulinids and other foraminifera (paleotextularida), and some algae.

Two Permian sections were measured in the Willard quarry east of Sierra Santa

Teresa:

Section I is on the west side of the quarry. It comprises 110m of thin bedded 

crinoidal limestone that is partially recrystallized, dolomitized, silicified and hematized. 

Benthonic fauna in this section are deformed, broken and badly preserved. Section B ison  

the east side of the quarry. It comprises 180m thick section of recrystallized cherty 

limestones, with silicified fusulinids being poorly preserved.

In general, this area was strongly folded and fractured by post-Paleozoic intrusions 

and regional tectonism (Rodriguez, 1981).
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Willard Section I 

Lithology and Micropaleontology

I observed poorly resistant ferruginous shale at the base of the section.

Units higher in the section were mostly thin-to thick- bedded (10 to 30 cm) and blocky (50 

cm ) crinoidal limestones of dark gray to reddish color and slightly silty. Near the middle of 

the section fusulinids and bryozoa were abundant in a white yellowish bedded limestone. 

The uppermost units are limestones that tend to be darker and brownish and have fewer 

fossils (See Appendix, p. 129).

Petrographic study shows that the shales also contain some angular and subangular 

silt-size quartz. The matrix is silicified and hematized and shows a few micas. The position 

of the hematite helps to recognize laminations. No fossils were observed.

In general, the limestone consists of micrite that was partially recrystallized, 

dolomitized, silicified, and hematized. Also, some authigenic quartz was observed as 

fracture fillings with hematite and recrystallized calcite. The most abundant fossils were 

found in the middle of the section and include bryozoa, crinoidal ossicles, and foraminifera 

such as fusulinids and paleotextularida. Fusulinids were poorly preserved. In some 

samples they were silicified and showed parallel orientation. Dark material thought to be 

organic matter of probably algal origin (Tubiphvtes?! was also observed. Sparse mollusca 

fragments and sponge spicules were also found (See Appendix p. 141).

Age

Although most fusulinids were broken and deformed, it was possible to identify 

Parafusulina (Skinnerella) cf. P. (&.) sonoraensis Dunbar (PI. 8, figs. 1-4), P. cf. P.
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brooksensis Ross (PL 7,figs. 4-5), P. cf. P. durhami Thompson and Miller (PL 9, fig. 2) 

£. cf. £. deltoides Ross (PL 5, fig. 6), P. (Skinnerella’) P. sp. A (PL 8, figs. 3,5; PL 9, 

fig. 1) and £. empirensis Sabins and Ross (PL 9,figs. 3-4). This fauna was found mainly 

in the middle part of the section.

This faunal assemblage is indicative of Leonard!an age (Dunbar, 1939; Thompson 

and Miller, 1949; Ross, 1960), with exception of £. empirensis which had been reported 

only in rocks of Guadalupian (Wordian) age.(Sabins and Ross, 1962). Thus, a probably 

late Leonardian-early Guadalupian age is confined for the Willard section I (Fig. 6).

Environment of Deposition

The assemblage of crinoids, bryozoa, some molluscs fragments and sponge 

spicules, as well as benthonic foraminifera and some algal debris in the limestones suggests 

a shallow, normal marine environment The presence of unfossiliferous red shale at the base 

of the formation and the continuity of carbonates through the whole section may indicate a 

increase in relative sea level.

Willard Section II 

Lithology and Micropaleontology

This section is approximately 180m thick. The exact thickness of the section was 

difficult to determine due to the strong folding of the area.

This section comprises a chaotic sequence of massive grayish, greenish, and 

reddish limestone, alternating with reddish bedded chert. Near the middle and upper parts 

of the section there is an increase of nodular chert in the limestone and bedding alternates
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between limestone and chert (See Appendix, p. 130).

The limestones consist of partially recrystallized micrite that is silicified and has 

hematite stain.

The faunal assemblage consist of abundant broken and worn crinoidal plates, 

poorly preserved fusulinids, bioclastic debris, and some bryozoa, pellets, algal debris, and 

sponge spicules (See Appendix, p. 143).

At the base of the section large amounts of randomly oriented and strongly silicified 

fusulinids were found embedded in the limestone or in clusters on the surface of the rock. 

These tests decreased in abundance upsection. Most fusulinids were found to be embedded 

in the nodular cherts.

Age

Based on the presence of Parafusulina empirensis Sabins and Ross (PI. 9,fig. 4) in 

the Willard section n  a Guadalupian age is assigned to these rocks (Sabins and Ross,

1963). This species was the only one identified in this section. The forms identified 

corresponded to macro and microspheric growth stages. This type of development is 

commonly found in fusulinids from middle Permian rocks (Dunbar, 1935). These 

fusulinids are probably closely related to the Guadalupian stage (Sabins and Ross op cit) 

(Fig. 6).

Environment of Deposition

A change in water depth and/or increasing salinity is suggested by the presence of 

poorly preserved, partially silicified, packed fusulinids in limestones, a decreasing fossil 

content gradually towards the middle and top of the section, and a scarcity of other types of
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marine fauna.
The abundance of chert nodules, along with the increase of interbedded chert in the 

limestone, an the preservation of fusulinids in the chert strongly suggests the replacement 
of limestone by silica.
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HERMOSILU

Willard
quarry

Figure 4. Location"of the Willard quarry sections, southeast of Hermosillo city, Sonora.



Table I. Microfauna, localities and age of Permian rocks in Sonora

LOCATION MICROFAUNA

NORTHERN AREA

La Morita (Peiffer,1987) * 

El Tigre Fm.
Canon Santa Rosa (Imlay, 
1939)
Sierra Huchita Hueca 
(Imlay,1939)
Sierra de Teras (Tovar, 
1959)**

Sierra El Tule Gonzalez 
(1986)

El Antimonio Monos Fm. 
(Cooper,!965; Brunner, 
1979)

Triticites, Schubertella, 
Schwagerina
ParafusuBna skinneri, 
Schwagerina

ParafusuBna imlay, Triticites

Triticites, ParafusuBna, 
Stafella, Schwagerina, 
Monodiexodina, Schubertella

Schwagerina, Schubertella 
ParafusuBna antimoniensis

AGE

Permian

Leonardian

Wolfcampian-Leonardian 

Leonardian

Virgilian-Wolfcampian 

Guadalupian

EASTERN AREA

Picacho Colorado Ls.Sierra 
Cobachi (Knoll, 1981, 
Peiffer, 1987, King, 1939)

El Palmar Fm. Cerros El 
Palmar, La Agujita 
(Minjarez, et al 1985)
El Tigre Fm; Sierra El 
Encinal and La Zacatera 
(Hewett & Schmidt, 1978)
Sierra Los Pinitos in 
Bacanora (Peiffer, 1987)

Santo Domingo Group 
Sierra Santo Domingo 
(Minjarez, 1986)
Arivechi section ***(this 
report)

ParafusuBna sp.cf.
P. skinneri,
P. skinnerella magna 
P. sonoraensis
Schubertella, Schwagerina, 
ParafusuBna

ParafusuBna imlayi, 
Schwagerina Monodiexodina, 
P. sp.

ParafusuBna imlayi, P. 
sp.Cuniculinella calyx, 
Schwagerina
Schwagerina crassitectoria

Schwagerina
crassitectoria,ParafusuBna cf. 
P. brooksensis, 
Monodiexodina linearis, P. 
(Skinnerella) brevis

Leonardian

Wolfcampian-Leonardian 

Wolfcampian-Leonardian 

Wolfcampian (Sakmarian) 

Early Leonardian

Wolfcampian-Leonardian



Sierra Mazatan (King, 1939, 
Ochoa, 1992) Siena Agua 
Verde

Charabschwagerina cf.C. 
knighthi, Parafusulina barken

Early Leonardian

Las Oninas; Mazatan 
Soyopa area (King,1939)

Parafusulina sp. Lower Permian

Sierra La Campaneria 
Bacanora(Vega y Araux, 
1987))

Parafusulina sp. Wolfcampian-Leonardian

Sierra El Aliso, Bacanora 
(Bartolini, 1988)

Schubertella, Tritlcites, 
Schwagerina, Parafusulina, 
Pseudoschwagerina

Wolfcampian

Cerro Las Rastras and Los 
Chinos trail (King, 1939; 
Menicucci 1982; Peiffer, 
1987)

Schwagerina aff. S. bellula, S. 
sp.Pseudoendothyra, 
Tritlcites creekensis, 
Pseudoschwagerina, S. 
longissimoidea, 
Charabschwagerina, 
Dunbarinella hughensis

Wolfcampian

Cerro Martinez (Menicucci, 
1982; Peiffer, 1987)

Parafusulina imlayi, 
Schwagerina

Wolfcampian-Leonardian

Cerro Valuarte (Menicucci, 
1982; Peiffer, 1987)

1

Parafusulina obtusa 
Parafusulina skinneri, 
Cuniculinella calyx, Skinnerella 
biconica, Schwagerina aria

Wolfcampian-Leonardian

Cerro Tinaja (Menicucci, 
1982; Peiffer, 1987)

Parafusulina sonoraensis, 
Parafusulina, Schwagerina 
Boultonia,
Pseudofusulina,Schubertella

Wolfcampian-Leonardian

CENTRAL SONORA

upper beds Aparejo Ls. Las 
Nonas (Araux, 1985)

Parafusulina sp. Leonardian

Sierra Santa Teresa 
southeast Hermosillo Peiffer 
(1987)

Pseudofusulina, Parafusulina, 
Dunbarinella, Boultonia, 
Schwagerina

Wolfcampian-Leonardian

Cerro de La Flojera (King, 
1939)

fusulinids Lower Permian (?)

Willard section I (this 
report)

Parafusulina (Skinnerella) 
d.P.sonoraensis, P. cf. P. 
brooksensis P. cf. P. durharn, 
P. cf. P. deltoides, P. 
(Skinnerella) P. sp. A P. 
empirensis

Leonardian-early
Guadalupian



LeonardianWillard section n  (Peiffer, Pseudofusulina
1987)

(this report) Parafusulina empirensis Guadalupian

* Other genera and species: Triticites cf. T. creekensis, T. cullomensis, Fusulinella 
(Pennsylvanian), in the middle of Permian section; Boultonia, Schwagerina silverensis.

* * Other genera: Pseudoreichelina, Schwagerina eolata, Parastafella, Nankinella, Oketaella, 
Toriyamaia, Boultonia.

*** Fusulinella (middle Pennsylvanian) in the middle of the section.
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Figure 5. Map showing the localities of Permian outcrops in Sonora State, Mexico. 
Ages and microfauna are listed in Table I.

Chihuahua



SYTEMATIC PALEONTOLOGY
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Phylum Protozoa

Class Rhizopodea von Siebold, 1845 

Order Foraminiferida

Suborder Textulariina Delage and Heroward, 1896 

Superfamily Paleotextulariacea Galloway, 1933

Family Palaeotextulariidae Galloway, 1933

Genus Palaeotextularia Schubert, 1921

Palaeotextularia sp.

(PL I, fig. 5)

Occurrence: In eastern Arizona: Colina Limestone and Earp Formation. In Sonora: Arivechi 

section and Willard section I. Stratigraphic range: Carboniferous-Permian.

Family Tetrataxidae Galloway, 1933 

Genus Tetrataxis Ehrenberg, 1854

Tetrataxis sp.

(PI. I, fig. 6)

Occurrence: Abundant in the Early Permian of eastern Arizona, mainly in the Earp 

Formation. Stratigraphic range: Carboniferous-Triassic.

Family Biseriamminidae Chernysheva, 1941
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Genus Globivalvulina Schubert. 1921

Globivalvulina sp.

(PI. I, Fig. 7)

Occurrence: eastern Arizona, in Colina Limestone and Earp Formation. Stratigraphic range: 

upper Pennsylvanian-Permian.

Family Endothyridae, Brady, 1884

Endothyridae

(PI. I, Figs. 1-2)

Occurrence: base of Colina Limestone. Stratigraphic range; Upper Devonian-Lower 

Permian.

Family Fusulinidae Von Moller, 1878 

Subfamily Schubertellinae Skinner, 1931 

Genus Schubertella Staff and Wedekind, 1910

Schubertella sp.

(PL 1, figs. 3, 4, 8)

Occurrence: base of Colina Limestone Stratigraphic range: upper Pennsylvanian, Lower 

Permian.

Subfamily Fusulininae von Moller, 1877 

Genus: Fusulinella Von Moller, 1877
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Type species: E- bocki von Moller, 1877

Fusulinella sp.

(PL 2, fig. 1)

Description: Shell small of elongate fusiform shape with slightly pointed or rounded ends, 

and uniform or slightly convex lateral slopes. Specimens of 4 to 5 volutions reach length 

3.5 to 6 mm and 1.5 to 3.5 mm in diameter. Proloculus about 0.075 mm outside diameter.

Spirotheca thin composed of tectum and diaphanotheca. Early volutions loose 

coiled, subglobose, increasing gradually in size with typical fusiform shape and pointed 

ends. Huting only in polar regions. Tunnel path straight. Thick chomata bordered tunnel 

area, decreasing in height toward extrermties.

Remarks: This species is similar to Fusulinella iuncea Thompson and F. acuminata 

Thompson in general shape and internal features. However, this specimen is poorly 

oriented and precise identification is difficult

Occurrence: This genus is confined to rocks of Middle Pennsylvanian age. Only one 

sample was found in the middle part of Arivechi section.
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Family Schwagerinidae Dunbar and Henbest, 1930 

Subfamily Chusenellinae KaMer and Kahler, 1966 

Genus Pseudochusenella Bensh. 1987 

Type species Chusenella Hsu, 1942; emend. Chen,

1956

Pseudochusenella gp. A 

(PL 2, figs, 2,3)

Pseudofusulina globularis Gubler, 1935. Mem Soc. Geol. France, v. XI, fasc. 4, p. 87, 

pi. 1, figs. 1-7.

Chusenella gubleri Stewart. 1963, p. 1157-1158, pi. 157, figs. 4-5.

Description: Medium size of highly globular to subspherical shape with small lateral polar 

projections, broadly rounded. Specimens of 8 volutions reach length of 6 to 7.2 mm and 3 

to 4 mm in diameter.

Proloculus small, thick-walled ranges between 0.10 and 0.11 mm inside diameter. 

Spirotheca thick, coarsely alveolar, increases in thickness from 0.01 mm in first volution to 

0.14 mm in seventh volution. The first three volutions tightly coiled and elongated; gradual 

expansion of the following whorls establish the subglobose shape of this species. Septa 

thick with strong fluting regularly spaced with high and wide mostly rounded septal folds 

that reach the top of the wall. Intense vesicular fluting in polar extremities.

Tunnel weakly developed in very early volution. Slight axial fillings across middle 

of the shell, in early volutions, also secondary deposits fill crests in some septa. Proloculus 

bordered by tiny chomata, increasing in size and diameter in first three or four volutions, 

but lacking in outermost whorls.

Remarks: Stewart, 1963, includes within the genus Chusenella species having: "coiled
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juvenarium, heavy axial fill, steep lateral slopes with pointed apices, almost complete 

absence of chomata, highly fluted septa except in the first few volutions, small to medium 

size proloculus and thin spirotheca with weakly developed fibers in the keriotheca". 

However, Bensch, (1987) placed all the species having rather a pronounced polar knobs, 

as was found in the species described, within the genus Pseudochusenella.

The most closely similar to the species described is Pseudochusenella gubleri 

(Stewart) in general shape, size of the test and size of the proloculus; however, it differs in 

having thinner spirotheca, first volutions strongly elongate, absence of chomata and axial 

fillings in the inner whorls. The species described is superficially similar in axial section to 

Chalaroschwagerina tumentis Skinner and Wilde, in size, general shape and wall thickness; 

however, Q. tumentis differs in having fewer volutions, larger proloculus with tiny 

chomata on the proloculus and slight axial deposits. Paraschwagerina kansasensis (Beede 

and Kniker), shows thinner wall, less septal fluting, thick chomata in the first whorls and 

less pronounced polar ends.

Occurrence: Stratigraphic occurrence and range of the genus Pseudochusenella is 

Wolfcampian-Leonardian. Only two well preserved specimens were found in the basal part 

of the lower member of the Earp Formation in the Douglas area, in association with 

Rugosofusulina sp. A, Paraschwagerina cf. P. fax ( Thompson and Wheeler) and 

Paraschwagerina sp. A.
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Subfamily Schwagerininae Dunbar and Henbest, 1930 

Genus Monodiexodina Sosnina, 1956.

Type species: Schwagerina wanner! (Schubert)var. 

sutschanica Dutkevich, 1934

Monodiexodina linearis (Dunbar and Skinner)

(PL 6, figs. 1-4)

Schwagerina linearis Dunbar and Skinner, 1937, p. 637-638, pl.62, figs. 12-15, pi. 63, 

figs. 1-7.

Parafusulina linearis (Dunbar and Skinner), Slade, 1962, p. 89, pl.15, fig.l, pi. 16, figs. 

4-7.

Schwagerina sp. aff. linearis Dunbar and Skinner, Robinson, 1962, p. 116, pi. 17, fig. 12. 

Monodiexodina linearis (Dunbar and Skinner), Ross, 1962, p.6,7, figs. 11-13; 1963, 

p.160-161, pl.14, figsl-3, 4-7. .

Description: Slender, highly elongated subcylindrical shell with slightly irregular outline 

and bluntly pointed ends. Specimen of 7 volutions reach 7.9 to 13.1 mm in length and 1.5 

to 2.8 mm in diameter. Proloculus thick-walled, 0.16 to 0.22 mm inside diameter. 

Spirotheca moderately thick, finely alveolar, slightly thinning towards the ends. Wall 

thickness 0.01 mm in first volution to 0.10 mm in six or seven volutions. Early volutions 

low and elongate, increasing in size gradually with uniform height and slightly pointed 

ends. Last two or three whorls show sudden elongation.

Young forms have slight lateral slopes, having inner whorls some heightened, but 

as maturity is approached they show subcylindrical shape and rather flat outline.

Intense fluting with low septal folds throughout the shell, except in polar ends,
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where fluting forms chamberlets. Outer surface of proloculus bordered by pseudochomata. 

Tunnel path is not well defined. Secondary deposits are present along axial zone and in 

early volutions tend to fill folded septa. Low cuniculi well displayed in tangential sections.

Remarks: These specimens are strikingly similar to specimens reported from a number of 

localities of Wolfcampian age in the southwestern United States; they probably belong to 

the same lineage. Most individuals of this collection are immature forms and only a few of 

them represent the typical Monodiexodina linearis, but with slight thick whorls and

Williams from Texas; it differs in the absence of chomata, well defined tunnel path and 

stronger axial fillings in spatula shape. Schwagerina prolongada (Berry-), is slightly larger 

and wider, with low chomata in first volutions, smaller proloculus and well defined tunnel 

path. £• steinmanni Dunbar and Newell, shows stronger axial fillings and well defined 

tunnel path. Parafusulina peruana Roberts, is smaller, with larger proloculus and chomata 

in early volutions; also it shows different patterns of axial fillings. The last three are South 

American species.

Occurrence: Monodiexodina linearis had been reported in rocks of the late Wolfcampian- 

early Leonardian in Texas and Nevada (Dunbar and Skinner, 1937; Slade, 1962; 

Robinson, 1962; Ross, 1962,1963). In this study this species is found at the base and in 

the middle part of Arivechi section, where is fairly abundant.
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Genus Parafusulina Dunbar and Skinner, 1931 

Type species: Parafusulina wordensis Dunbar and 

Skinner, 1931. Glass Mountains, Texas.

Parafusulina leonardensis Ross, 1962 

(PI. 5, fig. 1)

Parafusulina leonardensis Ross. 1962, p. 17-18, pi. 5, figs. 1-8; Magnetti, Stevens,

Stone, 1988, p. 28-29, pi. 13, fig. 7, pi. 14, figs. 6-8

Description: Large, subcylindrical shell with irregular outline and bluntly pointed ends; 

specimen with 7 volutions reach 12.5 mm in length and 2.8 mm in diameter. Proloculus 

0.22 mm inside diameter. Spirotheca thick finely alveolar, becoming thinner up to fourth 

volution; wall thickens from 0.10 mm in first whorl to 0.090 mm in sixth volution. Earliest 

volutions of highly fusiform shape and pointed ends loosely coiled; later there is a sudden 

expansion of the next whorls with rounded ends.

Intense septal folding throughout, except near middle of shell and last volutions; 

some vesicular folding in extremities. Sparse high and low septal folds in last volutions. 

Tunnel wide with irregular path. Proloculus partially crushed. Light axial fillings observed 

in inner volutions.

Remarks: Only one specimen was found, similar in all aspects except intensity of axial 

filling to specimens described by Ross in west Texas.

Occurrence: Parafusulina leonardensis was originally reported in lower beds of the Leonard 

Formation in the Glass Mountains Texas (Ross, 1962) also in the upper part of the Owens



53

Valley Group (Leonardian), in California (Magnetti, et al., 1988). In this study, this 

species was found in Colina Limestone, Douglas area, in association with Parafiisulina cf. 

P. deltoides Ross and £  cf. £. brooksensis Ross (Lower Leonardian).

Parafusulina cf. £. deltoides Ross 

(PI. 5, fig. 6)

Parafusulina deltoides Ross. 1960, p. 126-127, pi. 19, figs. 12-13, pi. 20, figs. 1-5; 

Robinson, 1962, p.133, pi. 19, figs. 5-7.

Description: Shell large, elongate fusiform with irregular outline and sharply or bluntly 

pointed rounded ends. Specimens with 6 or 7 volutions reach from 8.3 to 12.3 mm in 

length and 2.4 to 2.8 mm in diameter. Proloculus range between 0.18 to 0.20 mm inside 

diameter. Spirotheca thick and coarsely alveolar in the outer volutions, thinning in earliest 

volutions; sometimes tapering toward the ends. The wall in initial volutions 0.01 to 0.02 

mm thick, in seventh volution 0.12 mm thick. Loose coiled inner volutions, following 

gradual expansion of whorls with elliptical shape or straight lateral slopes with pointed 

ends; sudden elongation of last two whorls with bluntly or pointed ends.

High and low septal folding throughout the shell, but unevenly spaced in the middle 

plane in the last whorls and tunnel areas. Some vesicular fluting present in polar 

extremities. Secondary deposits fill axial region in early volutions and occur at crests of 

septa. Proloculus bordered with rudimentary chomata and possibly in the first volution. 

Tunnel wide with irregular path.

Remarks: Although considerable diversity is present in Parafusulina deltoides as illustrated
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by Ross, the general outline, the elliptical or slightly pointed ends of the inner whorls and 

the short axial fillings, are distinctive features in this species. The specimen described 

closely resembles £. skinneri Dunbar, from Sonora, Mexico; however £. skinneri differs 

in having stronger axial fillings and the inner whorls expand gradually with rather pointed 

ends.

Occurrence: Parafusulina cf. P. deltoides was originally described in the middle part of the 

Hess member of the Leonard Formation in west Texas (Ross, 1960). In the study area, this

Ross and P. cf.P. brooksensis Ross.

In the Willard section IE . cf. P. deltoides is associated with £. cf.£. brooksensis

Miller, P. (Skinnerella^ sp. A and P. empirensis Sabins and Ross.

Parafusulina allisonensis Ross 

(PI. 6, figs. 5,6)

Parafusulina allisonensis Ross. 1960, p. 126, pi. 19, figs. 1-9; 1962, p. 14-15, pi. 2, figs. 

1-4; Robinson, 1961, p.125, pl.18, figs. 11-13.

Description: Subcylindrical shell of medium size with 6 volutions, reaching length of 7.5 to 

10.7 mm and 2.1 to 3 mm in diameter. The outline is slightly irregular with truncate 

extremities with some sloping and rounding. Proloculus ranges from 0.0120 to 0.240 mm 

outside diameter. The wall is composed of thin tectum and moderately coarse alveolar 

spirotheca, about 0.020 mm in first two volutions, gradually increasing to 0.070 to 0.090,



55

and reaches 0.110 mm in fifth and sixth volutions.

First volutions of highly fusiform shape, increasing gradually in size, becoming 

slightly elliptical; last volutions with rather pointed ends on one side and truncate on the 

other, though the general outline has both truncate ends. Septa regularly fluted with mostly 

low folding in the middle section of the shell and polar ends.

Tunnel wide of irregular path. Proloculus bordered by rudimentary chomata. One 

specimen shows strong secondary deposits along axial section but last whorls; also these 

deposits coat some septal folding.

Remarks: Only two specimens were found that closely resemble Parafusulina allisonensis. 

described by Ross (1962) from Glass Mountains. Parafusulina allisonensis as illustrated by 

Ross (1962) exhibits considerable variation and has considerable stratigraphic range (122 

meters in the Glass Mts. of west Texas). The specimen illustrated in plate 6, fig. 5, may 

actually be more properly refered to Monodiexodina although it is more fusiform than most 

specimens of that genus. The specimen illustrated in plate 6, fig. 6 has no axial filling and 

is similar to the specimen illustrated by Ross (1962, P1.2, fig. 1) from the lower part of the 

Leonard Formation, Glass Mountains, Texas.

Occurrence: Parafusulina cf. P. alisonensis Ross was originally described from the Hess 

Member of the lower part of the Leonard Formation, west Texas; I found it in the middle 

and upper part of Arivechi section in Sonora, associated with Monodiexodina linearis 

(Dunbar and Skinner), £. cf.£. brooksensis Ross, £. (Skinnerellal brevis Skinner. 

Schwagerina dugoutensis Ross and Schwagerina crassitectoria Dunbar and Skinner.
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Parafusulina cf. P. brooksensis Ross

(PI. 7, figs. 4-5)

Parafusulina brooksensis Ross. 1960, p. 129-130, pi. 20, figs. 7-14, pi. 21, figs. 1,4-6;

Robinson, 1962, p.136, pi. 19, figs. 13-15.

Description: Shell of medium size, thickly fusiform with rounded pointed ends. Specimens 

with 5 to 7 volutions measure from 6 to 13 mm in length and 1.8 to 4 mm in diameter.

Proloculus range between 0.16 mm and 0.48 mm inside diameter.

Early volutions loosely coiled with highly fusiform shape, increasing gradually in 

size with somewhat flat surface and straight lateral slopes with pointed ends. Spirotheca 

composed of tectum and coarse alveolar keriotheca. The thickness of wall increases from 

0.02 mm in first volution to 0.18 mm in seventh volution.

Intense fluting is present throughout the shell with low and high septal folds except 

in tunnel areas.

Large proloculus, with rudimentary chomata. Tunnel wide with irregular path.

Light or heavy secondary deposits fill axial zones and sometimes coat the septa.

Remarks: Although some specimens in this study show a thicker wall than noted in the 

original descriptions, the size of the shell, large proloculus and lateral slopes with pointed 

ends in the inner whorls compare with Parafusulina cf. £• brooksensis. Specimens from 

Arivechi and Willard sections show heavier secondary deposits than those from the 

Douglas area. The species described is also similar to Schwagerina dugoutensis Ross, but 

it differs in having rather elliptical shape of the inner whorls, heavy secondary deposits and . I 

smaller proloculus. The specimens studied are not well oriented and could be referred to the 

genus Schwaeerina. Until better oriented specimens are obtained no firm assignment can be
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made.

Occurrence: £. cf. £. brooksensis Ross is originally reported in the upper part of the Hess 

Member from the Leonard Formation west Texas (Ross, 1960). The species described was 

found in three different localities: Colina limestone in fine grained carbonate sediments, in 

Arivechi section in sandy limestone; and in Willard, section I in grainstones.

(PI. 8, figs. 1,2)

Parafusulina sonoraensis Dunbar. 1939, p. 1750-1751, pi. 3, figs. 1-8.

Parafusulina sp. aff. sonoraensis Dunbar. Robinson, 1961, p.138, pi. 19, figs. 17-19.

Description: Large, thickly fusiform shell, with sleep lateral slopes and pointed ends; 

general outline slightly irregular. Specimens of 7 to 8 volutions having length of 10.6 to 

12.8 mm and diameter of 5 mm. Proloculus large, ranging from 0.260 to 0.420 mm inside 

diameter. First volution wide of irregular shape, next volutions gradually increase in size 

with subcylindrical shape and slight constriction in middle of shell, with pointed or 

rounded extremities.

Spirotheca thick, finely alveolar, becoming slightly thinner in the inner whorls, up 

to the fourth volution. Wall thickness in early volutions is about 0.030,0.050 and 0.080 

mm to 0.120,0.140 and 0.160 mm in sixth, seventh and eighth volutions respectively. 

Intense fluting, with low and high septal folds unevenly disperse throughout the shell, 

decreasing in tunnel area.

Proloculus thick-walled and wide tunnel area. Heavy axial fillings on either side of
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tunnel and along midplane; also secondary deposits coat septa. Absence of chomata.

Remarks: Specimens from Arivechi resemble in general shape, size and internal features the 

types of £. (SJ sonoraensis. except for the inner walls. Probably the next most similar to 

these specimens is £. gruperaensis Thompson and Miller, (Wolfcampian) from Guatemala, 

Central America, but it is smaller in size, has thinner walls and coarse alveolar keriotheca. 

This species is also related to Schwagerina guembeli Dunbar and Skinner; but it differs in 

having more regular outline, rather flat surface in the inner whorls, smaller proloculus, 

presence of chomata, smaller proloculus and different pattern of axial fillings.

Occurrence: P (£.) sonoraensis was originally described in Sierra El Tigre, NE Sonora and 

is considered as Leonardian in age. This species was found in Willard section I, associated 

with P. cf. £. brooksensis Ross, E- cf.E- deltoides Ross. E- (Skinnerellal sp. A _E. cf.E. 

durhami Thompson and Miller and _P. empirensis Sabins and Ross.
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Parafusulina (Skinnerellal brevis Skinner 

(PL 8, fig. 2)

Parafusulina (Skinnerella') brevis1) Skinner, 1971, p.8-9, pi. 17, figs. 1-6.

Description: Stout shell, thickly fusiform with slightly concave lateral slopes and broadly 

rounded ends. Specimens of 5 volutions attain a length of 6.8 to 8 mm and 3 to 3.5 mm in 

diameter. Proloculus large and spherical, ranging from 0.38 to 0.60 mm inside diameter.

First volution shows subspherical shape, next volutions gradually increase in size 

with rather flat surface and slightly pointed ends. Spirotheca thick and finely alveolar in 

outer volutions, becoming thinner up to the third volution; having thickness from 0.020 

mm in first volution to 0.120 mm in fifth volution. Fluting is intense throughout shell, but 

unevenly dispersed in tunnel area and last volution. High and low septal folding observed, 

as well some phrenotheca.

Proloculus bordered by scanty and tiny chomata. Tunnel wide of irregular path. 

Heavy secondary deposits bound tunnel areas and tend to develop in axial zones as well 

coating crests in septa.

Remarks: Although only two small specimens were found, they appear to be similar in all 

aspects to the type species of £. (Skinnerellal brevis. The forms described are compared 

with P. (Skinnerella) formosa Skinner (Leonardian), from west Texas, in size of 

proloculus, presence of chomata and type of fluting; however, the latter shows inner 

whorls extremely longer with rather sharply ends, slight secondary deposits in axial zones 

and thinner spirotheca.

Occurrence: £. (Skinnerella’l brevis was originally described in the Bone Spring Formation
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(Leonard!an) west Texas (Skinner, 1971). The specimens described here were found in the 

lower and middle part of Arivechi section, in association with Schwagerina dugoutensis 

Ross, Schwaserina crassitectoria Dunbar and Skinner, and Monodiexodina linearis 

(Dunbar and Skinner).

Parafusulina (Skinnerella') sp. A 

(PI. 8, figs. 3,5; pi. 9, fig. 1)

Description: Shell large, fusiform with pointed rounded ends and slightly convex lateral 

slopes. Specimens with 7 to 8 volutions, reach about 11.2 to 12 mm in length (one half 

broken is 9 mm long) and 3.4 to 4.2 mm in diameter. Proloculus large, measuring 0.380 to 

0.560 mm inside diameter and may be aspherical.

Spirotheca moderately thick, finely alveolar, becoming gradually thinner in the first 

two volutions, The wall is about 0.020 to 0.030 mm in first volutions and 0.160 to 0.190 

mm in fifth and sixth volutions respectively. Most high septa are in outer volutions; low 

septa rather develop in the midplane and extremities. Some phrenotheca are observed.

Proloculus thin-walled, bordered with some tiny chomata. Heavy secondary 

deposits along axial zones but last volution. Also these deposits occur in crests of high 

septa and bounding tunnel area.

Remarks: Although rare and somewhat deformed the specimens studied are similar to £. 

(Skinnerella) robusta. Skinner except for the degree of flatting, number of volutions and 

thinner walls. Paratypes of P. sapper! (Staff) from Central America (Leonard!an- 

Guadalupian?) are strikingly similar to the species described; they differ in lacking 

chomata, septa folding slightly spaced and in the degree of intensity of axial filling. This
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form is also very similar to Schwagerina figueroai (Thompson and Miller) described from 

Chiapas. The latter has more intense vesicular fluting in the outer chambers.

Occurrence: £. (Skinnerella’l sp. A was found in Willard section I in assemblage with £. 

(Skinnerella) cf. £. (&.) sonoraensis Dunbar, P. cf. £. brooksensis Ross, £. cf. £• 

deltoides Ross, £• cf. £. durhami Thompson and Miller, and £. empirensis Sabins and 

Ross.

Parafusulina cf. £. durhami Thompson and Miller 

(PI. 9, fig. 2)

Parafusulina durhami Thompson and Miller, 1949, p. 15, pl.3, figs. 3-7, pl.5, figs. 9,11, 

12; Ross, 1962, p.15-16, pi. 6, figs. 1-7.

Description: Shell large of elongate fusiform shape with low lateral slopes and pointed 

ends. Specimen of 7 volutions about 10.7 mm length and 3 mm in diameter. Proloculus 

about 0.240 mm inside diameter. First whorls are loosely coiled with ellipsoidal shape; 

succeeding volutions gradually increase in size, becoming elongated with rounded ends 

slightly pointed. Smooth outline with slight constriction in mid plane.

Spirotheca extremely thin in inner whorls, slightly thicker in outer volutions. Wall 

thickness in first and second volutions is 0.010 mm and 0.050 to 0.060 mm in volutions 

number six and seven.

Intense fluting throughout, except in tunnel areas; high and low septal folds 

unevenly distributed.

Proloculus thick-walled of medium size. Tunnel wide and well defined, with
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regular path. Heavy secondary deposits fill early volutions and tend to develop some 

distance along axial zone; also these deposits coat septa near mid plane. Chomata absent

Remarks: Only one slightly deformed specimen was found. Because of the poor orientation 

and preservation it is only possible to compare this species with P. durhami Thompson and 

Miller in general outline and inner features. E- skinneri Dunbar is also similar; but it differs 

in having more elongate inner whorls, thicker wall and larger proloculus. The species 

described also resembles P. darwinensis Magginetti, Stevens and Stone from California 

(late Wolfcampian), in size and general features; but it has stronger axial fillings, not such a 

well defined tunnel, and a thicker spirotheca.

Occurrence: £. durhami was described in rocks of Leonardian age in Colombia, South 

America and west Texas (Thompson, 1949; Ross, 1962). This species was found in 

Willard section I with P.fSkinnerella'l cf. P. (£.) sonoraensis Dunbar, £• cf. £. deltoides 

Ross, £. cf. £. brooksensis Ross, £. ££.) sp. A and £. empirensis Sabins and Ross.

Parafusulina empirensis Sabins and Ross 

(PI. 9, fig, 3)

Parafusulina empirensis Sabins and Ross, 1963, p. 362, pi. 39, figs. 1-5.

Description: Large, fusiform elongate shell of bluntly pointed ends. Specimen of 8 

volutions reach about 10 mm in length and 2.2 mm in diameter. Proloculus small, 0.120 

mm inside diameter. First three volutions show ellipsoidal shape, following volutions 

expands rapidly with rather fusiform shape and sharply pointed or slightly rounded ends.
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Spirotheca extremely thin in first 3 or 4 volutions, slightly thicker in outer 

volutions. The wall thickness ranges from 0.010 mm in first volution to 0.050 mm in the 

eighth volution. Regular fluting forms unevenly spaced low folds of semicircular shape; 

most fluting present in early volutions and extremities.

Tunnel narrow of irregular path. Slight secondary deposits fill axial zones in inner 

volutions and some septa in mid plane. Rudimentary chomata are present in proloculus and 

first volution.

Remarks: The description above is based on the specimen figured as pi. 9, fig. 3 which 

compares favorably with Parafusulina empirensis Sabins and Ross. The specimen figured 

as pi. 9, fig. 4 is included in this species although is somewhat distorted and not well 

oriented. It belongs to another population, where the material is poorly preserved. The 

specimen shown in pi. 9, fig. 3, also compares favorably with the specimen of 

Parafusulina leonardensis Ross (1962) as pl.5, fig. 8, although the style of fluting differs. 

It is more intense in Parafusulina empirensis.

Occurrence: The species described in pl.9, fig, 3 was found in the Willard section I, with 

£. cf. P. durhami Thompson and Miller. The specimen illustrated in pi. 9, fig. 4, was 

found in the Willard section II.
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Genus Schwagerina von Moller. 1887 

Type species Borelis princeps Ehrenberg, 1842 

Lower Permian, Asselian?

Schwagerina providens Thompson and Hazzard 

(PL 3, figs. 5-6)

Schwagerina providens Thompson and Hazzard, 1946, in Thompson, Wheeler and 

Hazzard, 1946, p. 43, pi. 14, figs. 1-9; Slade, 1962, p.79, pi. 13, fig.5; Sabins and Ross, 

1963, p. 353-354, pi. 38, figs. 1-8.

Description: Shell small to medium size, elongate-fusiform, sometimes subcylindrical, with 

irregular outline and convex lateral slopes; rounded to sharply pointed ends. Mature 

specimens have 5 to 6 volutions and measure 3.0 to 9.6 mm in length and 1.0 to 1.9 mm in 

diameter. Proloculus is about 0.100 to 0.220 mm outside diameter.

Spirotheca thick and finely alveolar, becomes thinner in the first two or three 

whorls. Spiral wall thickness average from 0.010 to 0.030 mm in first and second 

volutions and 0.040 to 0.100 mm in fourth and fifth volutions. In general volutions are low 

and loosely coiled with chambers maintaining rather uniform height and length throughuot 

except in the last two whorls which suddenly expand.

Outer volutions broadly undulated. Septa strongly and regularly fluted toward the 

extremities with broadly septal folds in the last whorls. Tunnel low and wide bordered by 

chomata, increasing in size in the first three or four volutions, slightly asymmetrical 

Proloculus thin-walled showing pseudochomata.

Remarks: Specimens from the Douglas area are similar to paratypes from Thompson and
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Hazzard; the forms described by Sabins and Ross, (1963) differ in the less rugose 

spirotheca, showing in the equatorial section a rather regular spiral wall, without 

crenulations. The specimens studied are similar to £. loringi (Thompson’), in the fusiform 

shape of the internal volutions, size of the proloculus and the presence of chomata; the latter 

differs in being larger, with slight rugosity of the wall and stronger and higher septal 

folding.

Occurrence: £. providens has been described in rocks of middle and late Wolfcampian age, 

in Nevada, Arizona and west Texas (Thompson, 1946; Slade, 1962; Sabins and Ross, 

1963). The species described was abundant near the top of the lower member of the Earp 

Formation.

Schwaperina crassitectoria Dunbar and Skinner 

(PI. 5, fig. 5)

Schwaeerina crassitectoria Dunbar and Skinner, 1937, p. 641, pi. 65. figs. 1-15; 

Thompson, 1954, pi. 35, figs. 10-13; Ross, 1960, p. 123, pi. 17, figs. 1-9;- 1963, p. 

118, pi. 9, figs. 10-15; Robinson, 1962, p. 118, pi. 17, fig. 16, pi. 18, fig. 1; Williams, 

1963, p. 50, pi. 11, figs. 1-7.

Description: Small subcylindrical shell with truncate polar ends and 5 volutions that reach 

from 3.9 to 6 mm in length and 1.7 to 2.1 mm in diameter. Proloculus 0.120 to 0.190 mm 

outside diameter, but cut is tangential.

Spirotheca thin with alveolar keriotheca. The wall thickness 0.020 mm in first 

volution to 0.060 mm in fifth volution. The first three volutions of ellipsoid shape
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gradually increase in size, succeding volutions expand rapidly with bluntly pointed ends.

Intense folding throughout the shell with medium and high septal folding. Tunnel 

low and narrow. Secondary material coats some septa. Rudimentary chomata observed on 

proloculus and first volution.

Remarks: The specimens described seem belong to the same lineage of species of 

Schwagerina that are small in size with development of rudimentary chomata, less than 6 

volutions and lacking prominent secondary deposits (Ross, 1963).

This specimen although a tangential closely compares with Schwagerina 

crassitectoria. only it has less elongated fusiform shape and stronger folded septa.

Occurrence: Only a few specimens were found mainly in the middle and top of Arivechi 

section. The best specimens are found near the top of the section. Schwagerina 

crassitectoria is a well known marker of earliest Leonard age rocks in North America 

(Ross, 1960,1963; Wilde, 1990).

Schwagerina guembeli Dunbar and Skinner 

(PL 5, figs. 2-4)

Schwagerina euembeli Dunbar and Skinner, 1937, p. 639, pi. 61, figs. 1-13; Knight, 

1956, p. 778, pi. 83, figs. 7-10; Ross, 1960, p. 124, pi. 17, figs. 10-13, pi. 18, figs. 1-6; 

Ross, 1962, p. 11, pi. 1, figs. 1-3; Robinson, 1961, p.117, pi. 17, figs. 14-15.; Ross, 

1963, p. 130, pi. 13, figs. 7-11.

Description: Small to medium size highly fusiform shell with blunty rounded or sharply
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pointed ends. Specimens of 5 to 7 volutions reach 4.1 to 9.5 mm in length and 1.6 to 4.3 

mm in diameter. Proloculus usually of medium size, ranging from 0.060 to 0.240 mm 

outside diameter. In one specimen proloculus is about 0.310 mm.

Spirotheca thick, coarsely alveolar in last two or three volutions, thinning in inner 

whorls. Spiral wall thickens from 0.010 to 0.040 mm in first three volutions to about 

0.050 to 0.120 mm in sixth and seventh volutions. First volutions show highly fusiform 

shape, later gradually increase in size with flat or slightly constricted surfaces, with pointed 

ends. Intense fluting with high septal folds, except in tunnel area.

Tunnel wide with irregular path. Secondary deposits common throughout shell, but 

mainly in midplane along axis, either side of tunnel and coating or filling the septal folds. 

Proloculus bordered with rudimentary chomata.

Remarks: Schwagerina euembeli has some diversity in the amount and distribution of 

secondary deposits; because of this feature, it can be compared with other species. Some 

specimens closely resemble S. gruperaensis Thompson and Miller, (Wolfcampian) from 

Chiapas in southeastern Mexico, in the distribution of secondary material, general outline 

and shape of the inner whorls; the latter differs in having thickly fusiform shape, thinner 

inner whorls and absence of chomata. &. dugoutensis Ross from Texas, shows stronger 

secondary deposits, smaller proloculus and more rounded ends in the inner whorls. £. 

crassitectoria Dunbar and Skinner has thicker fusiform shape, is larger in size, has a 

smaller proloculus and more uniform thickness of the whorls.

Occurrence: £  guembeli has been reported in the Arctums Formation, Nevada (Knight, 

1956) and base of the Leonard Formation, in the Glass Mountains Texas (Dunbar and 

Skinner, 1937). This species was extremely abundant in two localities from Colina 

Limestone in association with £. dugoutensis Ross.
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Schwagerina dugoutensis Ross 

(PI. 7, figs. 1-3)

Schwagerina dugoutensis Ross, 1962, p. 10-11, pi. 3, figs. 5-10.

Description: Shell of thickly fusiform shape and convex lateral slopes, with slight irregular 

outline and sharply or broadly pointed ends. Specimens with 6 to 7 volutions reach lengths 

from 7.9 to 9.7 mm and diameters from 2.8 to 3.7 mm. Proloculus of medium size ranging 

from 0.100 to 0.280 mm inside diameter.

Spirotheca moderately thick, with coarsely alveolar keriotheca. Thickness of wall 

varies from 0.010 to 0.060 mm in first and second volutions and 0.080 to 0.130 mm in 

fifth and sixth volutions. Early volutions have elliptical shape and gradually increase in size 

with pointed or rounded ends. Septal folding varies from unevenly spaced away from 

tunnel areas to intense, forming small tubular projections or chamberlets in polar 

extremities.

Tunnel wide with somewhat irregular path. Rudimentary chomata show in the outer 

surface of proloculus and first volution. Heavy secondary deposits nearly fill outside of 

tunnel area or away from midplane in typical triangular shape; also they usually thicken in 

septal folding.

Remarks: Specimens described are similar to type species of Schwagerina dugoutensis: 

they differ in being larger and lacking chomata. This species could be related to £. 

crassitectoria Dunbar and Skinner, but the secondary deposits do not fill most of the shell 

and the coating in septal folding is less stronger than in the material studied.

Occurrence: S. dugoutensis was originally described from the Glass Mountains, west
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Texas (lower Leonardian) (Ross, 1962). This species was found in the upper and middle 

(?) part of Colina Limestone in Douglas area and in the middle part of Arivechi section

Schwagerina sp. A 

(PL 3, figs. 7-8)

Description: Small shell of elongate fusiform shape, straight lateral slopes and sharply or 

bluntly pointed ends. Mature specimens have 7 volutions and measure 4 to 6.5 mm in 

length and 1.8 to 2.2 mm in diameter. Proloculus ranges from 0.040 to 0.080 mm outside 

diameter.

Spirotheca moderately thick, finely alveolar becomes thinner in first two or three 

volutions. Spiral wall increases in thickness from 0.010 mm in first volution to 0.070 and 

0.100 mm in sixth and seventh volutions. Usually the first two or three volutions are 

closer, later they expand markedly and gradually increase in length to establish shape of the 

shell. Fluting with high and low septal folds unevenly spaced, mainly in last whorls; 

extremities with some vesicular fluting.

Tunnel wide and bordered by small chomata in the first 5 volutions. Proloculus 

thick-walled. Slight axial fillings along early volutions.

Remarks: These two specimens are not assigned a species name in this study. They are 

transitional to Paraschwagerina because of the tiny proloculus, tightly coiled juvenarium 

and sudden inflation of the chambers.

Occurrence: In the material studied, this species was found in the middle and upper part of 

the Earp Formation in Douglas area, in association with Schwagerina providens Thompson
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and Hazzard, Pseudoschwagerina beedei Dunbar and Skinner and P. uddeni (Beede and 

Kniker).

Genus Rugosofusulina Pauses- Chemoussova, 1937 

Type species Alveolina prisca Ehrenberg em. vom.

Moller, 1978

Rugosofusulina sp. A 

(PL 3, figs. 1-3)

Description: Shell subcylindrical, highly elongated with sharply or broadly crenulated and 

rounded ends. Specimens of 5 to 6 volutions are 7.8 to 12.9 mm in length and 2.1 to 2.8 

mm in diameter. Proloculus ranging from 0.100 to 0.240 mm inside diameter. Spirotheca 

thick, finely alveolar and strongly irregular or undulated (rugose), becoming thinner in first 

whorls. Spiral wall thickens from 0.010 to 0.030 mm in first two volutions and to 0.085 to 

0.100 in fifth and sixth volutions.

The early volutions show strong fusiform shape, followed by abrupt change to 

larger elongate whorls. Septa thin and regularly fluted. Intense vesicular fluting in the 2/3 

parts of the shell and unevenly spaced in last whorls.

Proloculus thick-walled. Tunnel broad, with somewhat irregular path. Small and 

thick chomata nearly symmetrical in early whorls, in succeeding volutions are irregularly 

distributed. Slight secondary deposits, mainly in the mid plane of the shell, in early 

volutions.

Remarks: Ross and Dunbar (1962) considered Rugosofusulina as a subgenus of
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Pseudofusulina. Loebich and Tapp an (1988) regard Ruposofusulina as a synonym of 

Pseudofusulina Dunbar and Skinner. In this study it is considered a separate genus because 

it was compared with European literature (Kahler, 1985). The most closely similar species 

described is Schwaperina turki (Skinner) in size and general features, except the latter has 

more intense fluting and much less rugosity of the wall. These specimens also resemble & 

loringi (Thompson) and 5. longissimoidea (Beede); however they differ from the former in 

having stronger rugosity of the wall, less fluting, more cylindrical outline and larger 

proloculus. They differ from the latter species in having smaller proloculus, stronger 

fluting and more rugosity of the wall.

From Rupofusulina sp. Sabins and Ross (1963), the above species differs in 

having smaller diameter, less number of whorls, thinner inner volutions and the absence of 

chomata. Specimens studied are related to R. incaica Roberts from Peru (Newell et al., 

1953) in general shape and internal features; it differs in being smaller with thicker 

spirotheca.

Occurrence: This species is fairly abundant in the basal part of the Earp formation.
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Subfamily Pseudoschwagerininae L. H. Chang 

Genus Paraschwagerina Dunbar and Skinner, 1936 

Type species: Schwagerina gigantea Dunbar and 

Skinner, 1936

Paraschwagerina cf. £• (Thompson and Wheeler)

(P1.2, Figs. 4-6)

Schwagerina fax Thompson and Wheeler, 1946, p. 27, pl.l, figs. 1-4.

Paraschwagerina fax (Thompson and Wheeler) Skinner and Wilde, 1965, p. 69, pi. 32, 

figs. 9-13.

Description: Shell of fusiform spindle shape, smoothly convex lateral slopes and blunt to 

sharp polar ends. Mature specimens have 7 to 8 volutions and measure from 6.4 to 9.3 mm 

in length and 2.4 to 4 mm in diameter. Proloculus small and average outside diameter 

0.100 mm. Spirotheca composed of tectum and coarse alveolar keriotheca, except for the 

first two or three whorls. The spiral wall is in first volution 0.010 to 0.020 mm thick; in 

seventh and eighth volutions is about 0.100 and 0.135 mm thick.

The first whorls are tightly coiled following an abrupt expansion of the next 

volutions, which are regularly spaced. The larger specimens show concave lateral slope in 

the last volution.

Fluting is high and regular throughout the shell, but unevenly spaced in the last 

whorls. Septal loops are unevenly spaced into high and short folds overlapping in the polar 

extremities.

Tunnel low and narrow bordered by small and thick chomata in early volutions, 

also they are present in proloculus. Slight axial fillings in early or last volutions.
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Remarks: The specimens described are similar to the original types of Paraschwagerina fax. 

except for the larger proloculus and thicker wall. Schwaeerina bellula Dunbar and Skinner 

has smaller proloculus, last whorls irregularly spaced and lacks chomata. Two elongate 

specimens from this collection, compare with one illustration from Paraschwagerina 

elongata Skinner and Wilde, but the former form has thicker walls and shows less tightly 

coiled early volutions.

Occurrence: Paraschwagerina fax was originally described from the McCloud Limestone C 

(Wolfcampian) in northern California. Skinner and Wilde (1965) redescribed the forms 

from the Me Cloud Limestone and refered them to Zone E of their Wolfcampian sequence. 

It is fairly abundant in the basal part of the Earp Formation, in the Douglas area, and it is 

found with Rugosofusulina and Pseudochusenella sp. A
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Paraschwa^erina sp. A 

(PL 3, fig. 4)

Description: Large, obese or thickly fusiform shell with steep lateral slopes and projecting 

but sharp polar extremities. Specimen of 8 volutions is 9.1 mm in length and 4.4 mm in 

diameter. Proloculus is 0.110 mm outside diameter.

Wall composed of tectum and coarsely alveolar keriotheca, increasing in diameter 

from 0.010 mm in first volution to 0.160 mm in eighth volution. First three volutions 

slightly elongated, with abrupt expansion and gradual increase in size of following 

volutions. Intense fluting with septal folding mainly in midplane of shell, along axial 

section. Vesicular fluting in polar extremities.

Tunnel low of regular path. Slight secondary deposits along axial section and outer 

whorls, also filling the top of some septa. Thick chomata are present on proloculus and 

first volution.

Remarks: This species was compared with Paraschwagerina fax (Thompson and Wheeler) 

which differs in having thinner walls. P. acuminata Dunbar and Skinner has thinner walls, 

smaller proloculus, less intense fluting and axial filling.

Occurrence: Only one well preserved specimen was found in the basal part of the lower 

member of the Earp Formation.

Genus Pseudoschwagerina Dunbar and Skinner, 1936 

Type species: Schwagerina uddeni Beede and Kniker, 1924 

Lower Permian (Asselian) Hueco Limestone, west Texas
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Pseudosch wagerina beedei Dunbar and Skinner 

(PL 4, figs. 4-5)

Pseudoschwagerina beedei Dunbar and Skinner 1937, p. 656-658, pi. 49, figs. 1-14; 

Thompson 1954, pi. 50, fig. 5; Ross 1962, p. 307; Slade, 1962, p.78-79, pi. 12, fig.5; 

Ross, 1963, p.146, pi. 27, figs. 1,5,7; Williams 1963, p. 337-38, pi. 3, figs. 1-8.

Description: Shell of medium size, highly fusiform or elliptical profile and subrounded 

extremities with 6 or 7 volutions, including juvenarium of two or three whorls. Size ranges 

from 6.3 to 9 mm in length and 2.9 to 4.5 mm in diameter. Proloculus size between 0.120 

to 0.280 mm inside diameter.

Spirotheca composed of tectum and coarse keriotheca in the outer volutions, 

becomes slightly thinner in inner whorls. Wall thickness is about 0.010 mm in first 

volution to 0.120 mm in fifth volution. Septa thin; fluting unevenly spaced and slightly 

wavy across middle part of the shell. Low semicircular folds toward the center and polar 

extremities.

Tunnel low and wide, bordered by small and thick chomata in the inner whorls. 

Proloculus large and thick-walled.

Remarks: The highly fusiform shape, well defined juvenarium, dense chomata bordering 

the tunnel and large proloculus are distinctive features in Pseudoschwagerina beedei: 

however, some transitional forms can be compared with P. uddeni (Beede and Kniker); 

although the latter species usually has smaller proloculus and shows tightly coiled 

juvenarium. Two of the specimens described show the last whorls highly inflated; these 

features are closely related to P. parabeedei Ross from the Glass Mountains, however the
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specimens studied are considerably smaller than para types from Ross.

Occurrence: P. beedei. has been reported in Texas and Nevada (Wolfcampian) (Dunbar and 

Skinner, 1937; Ross, 1962,1963; Slade, 1962). It is fairly abundant from the base to the 

top of the Earp formation

£. beedei is considered the ancestor of £. uddeni. which was the most widespread 

of the early Wolfcampian species complex (Ross, 1962).

Pseudoschwagerina uddeni (Beede and Kniker)

(PI. 4, figs. 1-3)

Schwagerina uddeni Beede and Kniker 1924, p. 27, pi. 1, figs. 1-2; pi. 4, fig. 10; pi. 6, 

figs. 1,2, 4-7; Dunbar and Condra, 1927, p. 119, pi. 13, figs. 1-3; White, 1932, p. 83, 

pi. 8, figs. 16-18.

Pseudoschwagerina uddeni (Beede and Kniker) Dunbar and Skinner 1936, p. 89, pi. 11, 

figs. 6-7; Needham, 1937, p. 53, pi. 9, fig. 5, pi. 10, figs. 1-4; Dunbar and Skinner,

1937, p. 658, pi. 50, figs. 1-10; Dunbar and Newell, 1946, p. 475, pi. 7, figs. 1-5; pi.

12, fig. 8; Thompson and Hazzard, 1946, p. 49, pi. 18, figs. 1-3; Newell, 1953, p. 208- 

210, pi. 40, figs. 1-2; Thompson 1954, pi. 50, fig.6; Williams, 1963, p.45-47, pi. 8, figs. 

1-3; Ross, 1963A, p. 358-359, pl.40, figs. 1-4; Ross, 1963B p. 153-155, pi. 23, figs. 1- 

4, pl.24, fig. 4.

Description: Shell of medium size subglobose or highly inflated, with broadly rounded or 

bluntly pointed ends. Specimens with 5 or 7 volutions attain a length of 6.6 to 8.8 and 4.4 

to 6 mm in diameter. The juvenarium consists of 2 or 3 tight whorls and the next 3 or 4
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volutions increase abruptly, with decreasing in height in the last 2 volutions. Proloculus is 

about 0.080 to 0.180 mm outside diameter.

Spirotheca coarsely alveolar in outer volutions, but thins in inner whorls. Usually 

wall increases gradually from 0.010 or 0.060 mm in thickness in first volution to 0.100 or

0.140 mm in sixth volution. Septa show little fluting and are slightly wavy throughout 

shell. Most septal folds confined to the polar ends.

Tunnel wide and short The juvenarium stage with well developed, slightly 

asymmetrical chomata.

Remarks: The expansion of the test, the degree of intensity of fluting and type of 

juvenarium, are distinctive features in P. uddeni. The species most similar to the forms in 

this study are P. califomica Skinner and Wilde and P. robusta (Meek); the former differs in 

the larger juvenarium and the latter in the larger proloculus. Transitional forms of the 

material studied, compare to P. aria Thompson and Hazzard; but the latter has more 

volutions and less fluting in polar regions. P. texana Dunbar and Skinner is larger, has 

more whorls and the fluting is stronger. One specimen is strinkly similar in size and 

internal features to P. kozlowskii Dunbar and Newell from Bolivia in South America 

(Dunbar and Newell, 1946); it is consider an intermediate form between P. uddeni and £. 

texana.

Occurrence: P. uddeni has been reported in rocks of Wolfcampian age in South and North 

America (Beede and Kniker, 1924; Dunbar and Skinner, 1936; Dunbar and Newell, 1946; 

Thompson, 1954; Ross, 1963A). This species was fairly abundant in the upper part of the 

Earp Formation, in the Douglas area.
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Plate I. Endothyridae, Schubertella. Paleotextularida
Page

Figures 1,2. Endothyridae.......................................................................................... 46

Base Colina Limestone eastern Arizona

1. Axial section, U.S. 121 size 50 microns
2. Axial section, U.S. 122 size 50 microns

Figures 3, 4, 8 Schubertella sp................................................................................. 46

Base Colina Limestone, eastern Arizona

3. Axial section, U.S. 123 size 60 microns
4. Axial section, U.S. 124 size 60 microns
8. Equatorial section, U.S. 128 size 40 microns

Figures 5,6 Paleotextularida ....................................................................................45

5. Paleotextularia sp.

eastern Arizona and eastern and western Sonora 
localities 500,600, U.S. 125 size 100 microns

6. T etra tax is  sp............................................................................................. 45

eastern Arizona, locality 500,501,600 U.S. 126 
size 180 microns

Figure 7. G lobivalvulina sp.......................................................................................46

eastern Arizona, locality 500, U.S. 127 size 25 microns

U.S.= University of Sonora specimen number
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Page
Figure 1. Fusu line lla  sp.............................................................................................47

Arivechi section, eastern Sonora

1. Axial section, locality 8a U.S. 128 size 150 microns

Figures 2,3. Pseudochusenella sp. A .................................................................... 48

Earp Formation, eastern Arizona

2. Axial section, locality 500, U.S. 129

3. Sagittal section, locality 500. U.S. 130

Figures 4-6. Paraschwagerina cf. £. fax (Thompson and Wheeler).......................... 72

Earp Formation, eastern Arizona

4. Axial section locality 500, U.S. 131
5. Axial section locality 500, U.S. 132

Plate 2. Fusulinella. Pseudochusenella and Schwagerina

(All figures except no. 1 10X)

6. Sagittal section, locality 500, U.S. 133
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Plate 3. Schwagerina Rugosofusulina and 
Paraschwagerina

(All figures 10X)

Figures 1-3. R ugosofusulina sp. A ....................................

Earp Formation, eastern Arizona

1. Axial section locality 500, U.S. 134
2. Axial section of locality 500, U.S. 135
3. Sagittal section, locality 500, U.S. 136

Figure 4. Paraschw agerina sp. A .......................................

Earp Formation, eastern Arizona

4. Axial section, locality 503, U.S. 136

Figures 5,6. Schwagerina providens Thompson and Hazzard 

Earp Formation, eastern Arizona

5. Axial section, locality 503 U.S. 137
6. Sagittal section, locality 503 U.S. 138

Figures 7,8. Schw agerina sp. A ........................................

Earp Formation, eastern Arizona

7. Axial section locality 501 U.S. 139
8. Axial section locality 501 U.S. 140

Page
....70
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Figures 1-3. Pseudoschwagerina uddeni (Beede and Kniker) 

upper part of Earp Formation, eastern Arizona

1. Axial section, locality 503 U.S. 141
2. Axial section, locality 503 U.S. 142
3. Sagittal section, locality 503 U.S. 143

Figures 4,5. Pseudoschwagerina beedei Dunbar and Skinner 

upper part of Earp Formation, eastern Arizona

4. Axial section, locality 503 U.S. 144
5. Sagittal section, locality 503 U.S. 145

Plate 4. Pseudoschwagerina

(All figures 10X)
Page
....76

.75



PLATE 4

4



83

Page
Figure 1. Parafusulina leonardensis Ross .............................................................. 52

Colina Limestone, eastern Arizona

1. Axial section, locality 600, U.S. 146

Figures 2, 3,4. Schwagerina guembeli Dunbar and Skinner.................................... 66

Colina Limestone, eastern Arizona

2. Axial section, locality 600, U.S. 142
3. Axial section of locality 600, U.S. 148
4. Sagittal section, locality 600, U.S. 149

Figure 5, Schwagerina crassitectoria Dunbar and Skinner.......................................65

Arivechi section, eastern Sonora

5. Axial section, locality 8, U.S. 150

Figure 6. Parafusulina cf. R. deltoides Ross ........................................................... 53

Colina Limestone, eastern Arizona

Plate 5. Parafusulina. Schwagerina

(All figures 10X)

6. Axial section, locality 600, U.S. 151
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Figures 1,2,3.4. Monodiexodina linearis (Dunbar and Skinner)......

middle part of Arivechi section, eastern Sonora

1. Axial section, locality 9, U.S. 152
2. Axial section of locality 9, U.S. 153
3. Tangential section showing cuniculi, locality 9, U.S. 15
4. Sagittal section, locality 9 U.S. 155

Figures 5,6. Parafusulina allisonensis Ross ...................................

Middle and upper part of Arivechi section, Sonora

5. Axial section, locality 8, U.S. 156
6. Axial section, locality 1, U.S. 157

Plate 6. Monodiexodina. Parafusulina

(All figures 10X)
Page
....50

54
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Figures 1,2,3. Schwagerina dugoutensis Ross ...............

Arivechi section, eastern Sonora

1. Axial section, locality A-8 U.S. 158
2. Axial section, locality 600 U. S. 159
3. Sagittal section, locality A-8 U.S. 160

/ Figures 4,5. Parafusulina cf. E. brooksensis Ross ........

Willard section I, eastern Sonora and Colina Ls. 
Formation, eastern Arizona

4. Axial section, locality 302, U.S. 161
5. Axial section, locality 600, U.S. 162.

Plate 7. Schwa serin a. Parafusulina

(All figures 10X)
Page
....68

56
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Page
Figures 1,4. Parafusulina (Skinnerellal cf. £ . (&.) sonoraensis ................................ 57

Willard section I, western Sonora

1. Axial section, locality 302, U.S. 163
2. Sagittal section, locality 302, U.S. 164

Figure 2. Parafusulina (Skinnerella> brevis Skinner ............................................... 59

Arivechi section eastern Sonora

2. Axial section, locality 8, U.S. 165

Figures 3,5. Parafusulina (Skinnerellal sp. A ........................................................60

Willard section I, western Sonora

3. Axial section, locality 302, U.S. 166
5. Sagittal section, locality 302, U.S. 167

Plate 8. Parafusulina (Skinnerella’l

(All figures 10X)
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Page
Figure 1. Parafusulina (Skinnerella^ sp. A ............................................................ 60

Willard section I, western Sonora

1. Axial section, locality 302, U.S. 168

Figure 2. Parafusulina cf. P durhami Thompson and M ille r.................................... 61

Wilard section I, western Sonora

2. Axial section, locality 302, U.S .169

Figure 3, 4 Parafusulina empirensis Sabins and Ross ........................................... 62

Willard section I, western Sonora, U.S. 170

3. Axial section, locality 302 U.S. 170 

Willard section II, western Sonora

Plate 9. Parafusulina. (Skinnerella). Parafusulina

(All figures 10X)

4. Axial section, locality 400, U.S. 171
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Assemblage Zones

PARAFUSULINA ZONE

<3

SCHW AGERINA CRASSJTECTORIA
ZONE

MONODIEXODINA — TRANSITIONAL ZONE

Representative Genera, Species

Parafusulina empirensis

Parqfusulina cf. P. brooksensis
Parafusulina cf. P. durhami
Parcfusulina cf. P. deltoides
Parctfusulina (Skinerella) cf. P. (S.) sonoraensis
Parafusulina (S.) P. sp. A
Parafusulina cf. P. allisonensis
Parafusulina leonardensis

Schwagerina guembeli 
Schwagerina dugoutensis

i

Monodiexodina linearis

■q.
1o
o
5i

PSEUDOSCHW AGERINA  ZONE

Pseudo schwagerina uddeni 
Pseudoschwagerina beedei 
Schwagerina providens 
Schwagerina sp. A 
Rugosofusulina sp. A 
Paraschwagerina cf. P.fax 
Pseudochusenella sp. A 
Paraschwagerina sp. A

Table 2. Biostratigraphic zones established within the study areas
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BIOSTRATIGRAPHIC ZONES

Three major biostratigraphic zones and one transitional zone were established based on the 

systematic paleontological study of fusulinids undertaken in southeastern Arizona and 

southeastern and central Sonora (Table 2).

Pseudoschwagerina Zone

This genus is considered an index fossil of Lower Permian rocks, especially middle 

and upper Wolfcampian sequences (Asselian-Sakmarian) (Thompson, 1954; Thompson, 

1964; 1964; Ross, 1963 b Wilde, 1990). The associated fusulinid fauna is listed in Table 

2. Two genera, Pseudoschwagerina and Paraschwagerina. included in this list, first 

appeared near the beginning of the Permian and became extinct before late Permian time, 

although they come from different lineages (Ross, 1962 c).

The Pseudoschwagerina zone is found in the Earp Formation in southeast Arizona.

Monodiexodina transitional zone

This zone is defined by the presence of Monodiexodina linearis (Dunbar and 

Skinner), from the Arivechi section. M- linearis, has been reported in the Upper 

Wolfcampian and lower Leonardian beds in North America (Dunbar and Skinner,

1937; Ross, 1962). Thus, this zone corresponds to the Upper Wolfcampian-Lower 

Leonardian boundary.
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Schwagerina crassitectoria Zone

Schwagerina crassitectoria is the well-known marker of early Leonardian age 

(Dunbar and Skinner,1937; Ross, 1960; Williams, 1963). The biostratigraphic range is 

placed at the base of the Leonardian stage, which is represented by several species of 

Schwagerina and also includes £. dugoutensis and £. guembeli. These species are 

common near the top of the Colina Limestone, in southeast Arizona. £. crassitectoria and 

&. guembeli. forms the lowest zone of the Leonard Formation in Glass Mts. Texas (Ross, 

1960, 1962).

Parafusulina zone

Most authors agree that in early Leonardian time when Parafusulina become 

dominant, the schwagerinas dropped out, though some overlapping of the ranges of 

Schwagerina and Parafusulina could be observed ( Skinner and Dunbar, 1937; Ross 1967 

c). In North America the genus Parafusulina dominates faunas of Leonardian and lower 

Guadalupian strata (Thompson, 1964; Wilde, 1990). This genus was also dominant in 

Leonardian rocks from the Colina Limestone in Hill 14 as well as the Arivechi and Willard 

areas. The genera and species included in this zone are listed in Table 2.
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DISCUSSION AND CONCLUSIONS

A correlation between the Earp Formation of Wolfcampian age from southeast 

Arizona and the lower part of the Arivechi section in Sonora was found (Fig. 6). In 

southeast Arizona a Wolfcampian age was assigned based on several species of 

Schwagerina and Pseudoschwagerina. In the Arivechi section a late Wolfcampian age was 

assigned based on the abundance of Monodiexodina linearis, which also marks the 

boundary between Wolfcampian and Leonardian ages (Dunbar and Skinner, 1937; Ross, 

1963). The lower portion of the Colina Limestone in Hill 14 was assigned a late 

Wolfcampian-early Leonardian age because of the presence of Schubertella and some 

Endothyridae. An early Leonardian age was assigned in the same formation based on the 

presence of guembeli and £.. dupoutensis (Ross, 1960,1962). At the Arivechi section in 

Sonora the presence of Schwagerina crassitectoria chiefly in the upper part of the section is 

interpreted to represent earliest Leonardian deposition (Ross, 1960; Wilde, 1990).

It is interesting to contrast the environment of deposition. The Colina Limestone is 

characterized by lime mud deposition in a low energy, dominantly lagoonal selling; the 

fusulinids are small and have thin walls. To the south about 300 km distant from this 

locality the Arivechi section consists chiefly of silty limestone that are the product of 

deposition in a high energy, shallow, open marine environment; the fusulinds are large and 

with thick walls.

At the Willard section I in central Sonora a Leonardian age is based upon several 

species of Parafusulina. However, the presence of P. empirensis also permits an age 

assignment of up to early Guadalupian. The deposition of crinoidal limestones along with 

other shallow marine fauna was common in this area. This section correlates with upper 

part of the Colina Limestone, Epitaph Dolomite, Scherrer Formation and the lower part of 

the Concha Limestone in southeast Arizona (Fig. 7).
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The Willard section II contained the fusulinid species and lithologies that are most 

closely similar to the Concha Limestone. £. empirensis occurs in both limestones, and even 

more remarkable, both limestones also contain very abundant chert nodules.

Other fusulinid species of Leonard!an age had a similar distribution. £. brooksensis 

was identified from the Colina Limestone, in the Arivechi section and in the Willard I 

section. Schwagerina dueoutensis and £• guembeli were also found in the Colina at Hill 14 

and in the Arivechi section. Parafusulina cf. £. deltoides also occurs in the Colina and in 

the Willard I section. P (Skinnerellal cf. P. (£•) sonoraensis was first described from 

northeastern Sonora (Imlay, 1939), it was also found in Nevada, U.S. (Robinson, 1961), 

and in the Willard section I.

About half of the species described from my study areas in southeastern Arizona 

and central Sonora are related to species in west Texas (Ross, 1960,1962; Sabins and 

Ross 1963) and the other half to species of the western region (Nevada and California) 

(Slade, 1961; Robinson, 1961; Magnetti et al., 1988). A few fusulinids are related to 

species found in Central and South America. These include Schwagerina guembeli. 

Monodiexodina linearis, and Parafusulina cf. P. durhami (Thompson and Miller, 1944, 

1946; Dunbar and Newell, 1946). One genus (Pseudochusenella’l was originally described 

in Indochina (Gluber, 1935).

The Wolfcampian age fusulinids consisting of Pseudoschwagerina beedei. P. 

uddeni and Paraschwagerina sp. A from the Earp Formation in Hill 14 have also been 

described from South America (Dunbar and Newell, 1946; Ross, 1962 b; Vachard, 1991). 

These species follow dispersal patterns in the ancient shallow seas that were geologically 

related to the Uralian, Tethyan and Andean geosynclines (Ross 1962 b) (Figs. 8a and 8b).

Certain paleoecological conclusions regarding fusulinids can be assumed: (1) 

fusulinids can be found from lagoon to open marine waters in low or high energy 

environments, (2) the thickness and the general shape of the fusulinid test can be related to
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the energy of the environment and bottom sediment Thin walls are common in low energy 

and fine-grained sediments; thick walls in high energy and coarse grained sediments (3) 

fusulinids are usually associated with other benthic foraminifera such as arenaceous forms 

(Paleotextularidae).

The fusulinid fauna described in this study, from southeastern Arizona and east- 

central Sonora (Arivechi section) support the probable extension of the Ouachita Otogenic 

Belt into Sonora as hypothesized earlier by Peiffer (1987). The western Sonora localities 

(Willard I and II) also suggest strong affinity with Cordilleran species (Peiffer, 1987) and 

support the probable rock displacement (allochthonous) from the Cordilleran belt into 

Sonora (Anderson, 1979).
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Figure 9. Parameters used in the morphological measurements in Fusulinidae.



APPENDIX A
MORPHOLOGICAL MEASUREMENTS IN FUSILINIDS 

(data taken from Figure 6, measurements in mm)

Pseudochusenella sp. A

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L W prol radius vector half length

5001 501-3 6.61 3.84 .100 0.14 0.24 0.47 0.88 1.32 1.82 0.11 0.38 0.68 1.0 1.37 1.82 2.46 3.23
500-2 7.27 4.24 .110 - - - - 0.16 0.60 0.96 1.46 1.64 2.10 2.88 3.38

volution height wall thickness
500-1 501-3 .08 .10 .22 .41 .44 .53 .010 .015 .030 .060 .090 .100 .120 .

500-2 - - • - .020 .020 .050 .060 .090 .150 .140 .120

cumulative septal count tunnel width
5001 SOW 11 14 20 24 36 36 .02 .04 .06 .16 - -

500-2 - - - -  -  - .06 .08 .12 .19 .31 .44

Parafusulina leonardensis

specimen 
600 1

volution # 1
L W prol 

12.5 2.89 .220 -

2 3 4 5 6 7
radius vector

8 9 1

0.28

2

0.58

3

1.28

4 5 6
half length 
1.98 3.36 4.22

7 8 9

5.68

600 1 .
volution height

.010 .030 .060
wall thickness 

.080 .090 -

600 1
cumulative septal count

.08 .12 .20
tunnel width 

.38 .60 .84

S



M onodiexodina linearis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8

specimen L W prol radius vector half length
A-9-1 A-12-9 13.1 2.53 .220 0.19 0.29 0.42 0.59 0.79 1.02 1.19 0.50 0.92 1.49 2.04 2.99 4.34 6.02 6.70
A-9-2 A-12-10 9.14 1.80 .160 0.12 0.21 0.34 0.52 0.66 0.85 - 0.76 1.20 1.52 2.78 3.54 4.53 * -
A-9-3 A-12-11 9.19 1.98 .200 0.24 0.36 0.50 0.64 0.80 1.06 - 0.30 0.58 1.20 2.39 3.26 4.20 4.76 -
A-9-4 A-10-12 9.74 2.38 .200 0.18 0.28 0.44 0.63 - - - 0.32 0.88 1.87 2.99 3.86 4.91 * -
A-9-5 A-1-13 7.94 1.59 .200 0.24 0.38 0.54 0.70 0.90 1.08 1.23 0.38 0.66 1.16 1.64 2.12 3.36 4.08
A-9-6 11.4 2.34 .160 0.40 0.70 1.20 1.91 2.57 3.72 4.68 5.68
A-9-7 10.9 2.30 .190 0.38 0.92 1.52 2.67 3.14 4.53 5.28 -
A 9 ^ 8.08 2.80 .200 0.30 0.79 1.50 2.29 3.28 3.76 -

volution height wall thickness
A-9-1 A-12-9 .10 .11 .13 .16 .19 .22 .16 .010 .040 .060 .080 .080 .090 .100
A-9-2 A-12-10 .10 .08 .11 .18 .16 .19 - .010 .020 .040 .060 .060 .080 .100
A-9-3 A-12-11 .14 .12 .13 .14 .14 .26 - .020 .020 .030 .060 .070 .080 -
A-9-4 A-10-12 .09 .10 .14 .19 - - - .060 .060 .070 .080 .080 .110 *
A-9-5 A-1-13 .12 .13 .14 .17 .20 .19 .14 .010 .015 .030 .020 .060 - -
A-9-6 .020 .040 .060 .060 .070 .100 .90
A-9-7 .020 .040 .060 .060 .080 .090 .100
A-9-8 .040 .060 .070 .070 .060 .090 -

cumulative septal count tunnel width
A-9-1 A-12-9 8 16 16 17 25 23 25 .04 .10 .19 .30 .44 -
A-9-2 A-12-10 9 17 18 19 22 21 - .10 .20 .26
A 9 4 A-12-11 13 17 18 18 20 28 - .04 .09 .16 .18
A-9-4 A-10-12 11 12 15 18 - - - .10 .20 .26
A-9-5 A-1-13 10 18 17 20 20 22 - .06 .12 .20 .36
A-9-6 .16 .20 .22 .28 .39 •48
A-9-7 .18 .31 .42 .52 - -
A-94 .18 .24 .34



Parafusulina cf. P. deltoides

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specim en L W prol radius vector half length

600-1 12.3 2.86 .180 0.36 0.64 1.12 1.80 2.78 3.40 5.68 6.34
600-2 11.6 2.82 .190 0.26 0.71 1.26 1.62 2.54 3.42 5.40 -

302-1-3 7.72 2.56 .180 0.54 0.68 0.98 1.62 2.22 3.52 3.91 -
600-4 6.38 2.48 .200 0.39 0.78 1.02 1.64 2.08 3.71 - -

volution height wall thickness
600-1 .010 .020 .060 .070 .070 .110 .120
600-2 .010 .020 .020 .040 .060 .060 .080

302-1-3 .010 .025 .040 .050 .060 .060 .120
600-4 .010 .015 .030 .060 .080 .110 -

cumulative septal count tunnel width
600-1 .06 .10 .14 - -
600-2 - - - - -

302-1-3 - .10 .11 .14 .19
600-4 .08 .20 .32 .46 .58

Parafusulina cf. P . allisonensis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specimen L W prol radius vector half length

A-1 1 7.58 2.10 .240 0.34 0.52 0.74 0.96 0.41 0.78 1.08 1.74 2.71 3.82
A-8 2 10.7 3.08 .120 - - - - 0.46 1.06 1.92 2.70 3.80 5.44

volution height wall thickness
A-1 1 .28 .18 .20 .22 .020 .020 .060 .060 .070 .090
A4 2 - - - - .050 .060 .060 .080 .110 -

cumulative septal count tunnel width
A-1 1 14 21 23 23 .12 .20 .31 .42 .48 .54
A4 2 - - - - .10 .22 .52 .62

8



Parafusulina cf. P. brooksensis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specimen L W prol radius vector half length

600-4 3.24 2.48 .320 0.33 0.80 1.20 2.08 2.96 4.38
302-3 A-13-9 13.0 4.08 .380 0.32 0.60 0.99 1.42 0.81 1.21 1.92 3.18 4.28 5.58 6.60
A-6-1 A-1-7 5.68 1.86 .380 0.31 0.42 0.59 0.79 0.63 1.19 1.84 2.40 3.02 -

A-12-2 A-13-8 6.80 1.88 .160 0.34 0.61 0.96 1.22 0.46 0.72 1.22 1.54 2X6 3.59
A-6-5 5.66 1.80 .480 0.52 1.16 1.68 2.70 2.92 -

A-13-6 8.68 2.76 .180 0.31 0.69 1.08 1.66 2.56 3X0

volution height wall thickness
600-4 .020 .020 .030 .070 .080 .110
3Q2-3 A-13-9 .11 .25 .36 .40 .030 .060 .060 .070 .090 .110 .180
A^-1 A-1-7 .08 .16 .13 .21 .020 .040 .060 .080 - -

A-12-2 A-13-5 .12 .13 .30 .42 .040 .060 .110 .120 - -

A-6-5 .030 .040 .060 .120 - -

A-13-6 .020 .040 .060 .080 .110 .110

cumulative septal count tunnel width
600-4 - . • - .14 .28 .32 - -

302-3 13-9 11 18 24 32 .28 .40 .56 .78 1.02
A 41 A-1-7 17 18 15 20 .11 .11 .26 .38 -

A-12-2 A-13-5 11 15 19 26 .10 .14 - - -
A 4 5 - . • . .12 - - - -

A-1&6 - - - - .07 - - - -

Parafusulina (Skinnerella) c f  P. (S.) sonoraensis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specimen L W prol radius vector half length

302-1-1 302-1-3 12.8 5.32 .420 0.31 0.48 0.76 1.10 1.58 2.06 0.88 1.48 2.88 3.71 4.31 5.51 6X8 -

302-1-2 10.6 5.04 .260 - - - 0.59 0.79 1X8 1.80 2.32 2X8 4.11 5.28

volution height wall thickness
302-1-1 302-1-3 .16 .18 .26 .34 .47 .48 .050 .080 .080 .090 .130 .150 .140 -

302-1-2 - - - .030. .030 .040 .080 .130 .120 .160 .160

cumulative septal count tunnel width
302-1-1 302-1-3 16 25 29 32 35 41 .14 .32 .58 .82 1.10 1.46 - -

302-1-2 - • • • • • .12 .18 .24 .27 .54 - - -



Parqfusulina (Skinnerella) brevis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L W prol radius vector half length

A-8-1 12-3 7.98 3.34 .600 0.52 0.76 1.02 1.24 0.71 1.20 1.86 2.04 4.04
A-12-2 12-4 6.88 3.48 .480 0.36 0.60 0.90 1.22 0.60 1.18 1.80 2.74 3.32

volution height wall thickness
A-8-1 12-3 .28 .21 .29 .20 .020 .060 .070 .080 -

A-12-2 12-4 .10 .22 .28 .30 .060 .060 .080 .100 .120

cumulative septal count tunnel width
A-8-1 12-3 21 30 27 26 .29 .34 .40 -  -

A-12-2 12-4 21 23 27 30 .38 .48 .48 -

Parafusulina (Skinnerella) P . sp. A

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specimen L W prol radius vector half length

302-1-1 302-1-4 12.0 3.44 .420 0.43 0.62 0.80 M 2 1.34 1.78 0.38 1.00 1X8 2.72 3.70 4.78 6.29 -
302-1-2 302-1-5 11.2 3.06 .560 0.62 0.84 1.08 1.39 1.69 2.11 0.69 1.44 2.02 2.60 3.84 5.22 - -
302-1-3 302-1-6 15.2 4.20 .390 0.31 0.61 0.93 1.20 1.50 . 0.70 1.42 2.22 3.11 4.42 5.98 6,70 7.64

302-1-7 - - 540 0.68 0.90 1.16 1.44 1.80 - - • - - - - - -

volution height wall thickness
302-1-1 302-1-4 .29 .18 .22 .28 .31 .32 .020 .040 .060 .120 .120 .140 - -
302-1-2 302-1-5 .33 .23 .24 .29 .31 .41 .020 .030 .060 .080 .120 .130 .140 -
302-1-3 302-1-6 .12 .29 .33 .27 .30 - .060 .060 .090 .100 - - - -

302-1-7 .19 .23 .21 .31 .29 .29 .060 .060 .080 .120 .160 .190 - -
cumulative septal count tunnel width

302-1-1 302-1-4 22 35 38 39 45 46 .12 .18 .32 - - - - -
302-1-2 302-1-5 24 30 42 44 51 46 .10 .22 .26 .34 .40 - - -
302-1-3 302-1-6 20 32 40 43 - - .06 .09 .11 - - - - -

302-1-7 25 34 37 38 43 - - - - - - - - -

o



Parafusulina cf. P. durhami

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L W prol radius vector half length

302-1 1 10.7 2.9 .240 - - 0.40 0.64 0.51 2.70 3.80 4.90 5.80

volution height wall thickness
302-1 1 - - .010 .010 .030 .040 .050 .060 -

cumulative septal count tunnel width
302-1 1 - - - - - - - - .06 .11 .30 .48 .60 -

Parafusulina empirensis

volution # i 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L W prol radius vector half length

302-1-1 1 9.92 2.29 .120 . • . • . - • 0.16 0.28 0.56 0.86 1X8 2.49 3.76 4.70 5.64
302-11-1 6 11.4 1.78 .180 0.16 0.24 0.37 0.47 0.68 0.83 1.04 0.18 0.32 0.52 1.36 1.94 3.14 4.12 5.64
302-11-2 4.38 1.10 .120 - . . . - - 0.30 0.56 1.30 1.50 2.16 - - -
302-11-3 6.66 1.42 .200 . - - . - - 0.40 0.62 1.18 1.81 2.44 3.04 - -

302-11-4 7.61 1.48 .120 . . - - - - 0.18 0.36 0.78 1.36 2.20 2.81 3.71 -
302-11-5 11.0 2.90 .130 • • - • - - 0.30 0.50 0.66 0.94 1.98 3.56 4.42 -

volution height wall thickness
302-1-1 1 . . . . - - - .010 .010 .020 .020 .030 .040 .040 .050 .050
302-11-1 6 .06 .08 .12 .10 .20 .17 19 .020 .020 .020 .040 .050 .060 .080 -

302-11-2 . . - - - - - .010 .015 .020 .020 .060 - - -

302-11-3 . . _ . . - . .010 .010 .020 .040 .060 .050 - -

302-11-4 . . - - . - - .010 .010 .015 .060 .040 .040 .060 -

302-11-5 - - - - - - - .010 .040 .040 .040 .060 .060 .070 .070

cumulative septal count tunnel width
302-1-1 1 . . . - - - - .06 .08 .18 .20 .22 .28 - -

302-11.1 6 16 23 25 31 34 57 60 .06 .06 .12 .16 .20 .27 .32 .37



Schwagerina providens

volution # 1 2 3 4 5 6
specimen L W prol radius vector

502-1 502-11 6.84 1.86 .170 0.17 0.29 0.44 0.70 1.96
502-2 502-12 3.03 1.00 .100 0.18 0.31 0.44 0.69 -
502-3 503-13 5.36 1.62 .160 0.11 0.18 0.25 0.40 0.61 0.88
501-4 503-14 9.68 1.92 .190 0.14 0.28 0.48 0.78 1.02
501-5 4.33 1.30 .060
501-6 5.30 1.50 .140
503-7 5.32 1.51 .130
503-8 3.72 1.22 .140
503-9 4.12 1.54 .170
600-10 8.12 1.66 .220

volution height
502-1 502-11 .06 .09 .12 .21 .24
502-2 502-12 .12 .10 .14 .21 -
502-3 503-13 .06 .06 .08 .12 .22 .26
501-4 503-14 .09 .12 .20 .28 .24
501-5
SOM
503-7
5034
503-9
600-10

502-1
502-2
502- 3 
501-4 
501-5 
501-6
503- 7 
503-8 
503-9 
600-10

502-11
502- 12
503- 13 
503-14

10
9
10

16
14
14

cumulative septal count
18 20 21
18
15

21
17

1 2 3 4 5 6
half length

0.34 0.92 1.55 2.72 3.39
0.20 0.39 2.70 1.14 1.57
0.13 0.38 0.73 1.32 1.99 2.59
0.24 0.51 1.04 2.74 4.52
0.12 0.29 0.64 1.02 1.52 2.38
0.25 0.61 0.96 1.50 2.77
0.10 0.42 0.82 1.42 2.51
0.16 0.30 0.50 1.03 1.70 2.01
0.22 0.42 0.82 1.52 2.12
0.38 0.93 1.66 3.36 4.58 

wall thickness
.020 .040 .060 .080 .100
.010 .020 .040 .080 .100
.010 .015 .020 .040 .060 .095
.015 .030 .060 .090 -
.010 .015 .020 .040 .060
.010 .010 .030 .060 .060
.010 .025 .060 .070 .100
.010 .030 .070 .070 .075
.010 .025 .040 .075 .080
.015 .020 .045 .080 .100 

tunnel width
.10 .18 .40 .50
.10 .13 .24 .40
.10 .17 .26 .30 .48
.10 .12 .43 -

.04 .12 - -

.10 .12 .31 -

.10 .20 .23 -

.10 .14 .24 .34

.08 .10 .12 .23

.08 .13 .19 .50



Schwagerina crassitectoria

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L W prol radius vector half length

A-e-i 6.03 2.14 .120 - . m m m m 0.21 0.52 0.90 1.36 2.44 3.10
A-13-2 3.96 1.74 .190 - - . . . . 0.56 0.82 1.22 1.66 1.82 -

volution height wall thickness
A-8-1 .020 .020 .030 .040 .060 .070

A-13-2 .020 .030 .050 .060
cumulative septal count tunnel width

A-8-1 . - - - - - .22 .26
A-13-2

Schwagerina dugoutensis

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8
specimen L W prol radius vector half length

600-2-1 A-8-6 8.62 2.80 .180 0.24 0.38 0.56 0.79 1.06 1.41 0.28 0.52 0.86 1.30 1.80 2.68 3.90 4.78
A4-2 9.01 3.74 .280 • . . -  - - 0.62 1.08 1.80 2.20 2.70 3.70 4.66 -

A 4 4 7.90 3.12 .200 . . . •  • . 0.32 0.86 1.31 1.91 2.60 3.82 - -

A-84 9.70 3.34 .100 - . . •  - - 0.28 0.38 0.66 1.56 2.20 2.86 4.20 5.50
A-8-S 8.20 3.00 .100 - - - -  - - 0.28 0.64 0.88 1.73 2.22 3.14 3.40 -

600-2-2 A-8-6
A-8-2 
Â -3 
A-84 
A^^

600-2 1 8-6 
A-8-2
A-8-3
A-8-4

volution height 
\ t 4  .15 .19 .22 .26 34

cumulative septal count 
13 22 24 29 32 47 48

wall thickness
.010 .060 .090 .090 .080 .120 -
.030 .040 .060 .060 .080 .100 -
.020 .030 .080 .070 .080 .130
.010 .040 .060 .060 .090 .080 .100
.020 .030 ,060 .060 .060 .080

tunnel width
.08 .16 .41 .56 .58 .62
.14 .20 .22 .36 .50
.10 .18 .30 .48
.06 .10 .19 .30 .42 .60 .74



Schwagerina guembeli

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8

specimen L W prol - radius vector half length
1-600-1 2-6-11 6.84 2.64 .060 0.18 0.26 0.34 0.48 0.62 0.82 1.09 0.28 0.64 1.04 1.50 2.30 3.10 3.78
3-600-2 3-6-12 4.12 1.62 .110 0.13 0.20 0.30 0.44 0.66 0.90 - 0.21 0.30 0.80 1.06 1.49 2.10 -
1-600-3 3-6-13 5.16 2.06 .150 0.14 0.26 0.40 0.60 0.82 - - 0.20 0.41 0.60 0.90 1.38 1.84 2.40
3-600-4 1-6-14 4.60 1.94 .160 0.22 0.34 0.54 0.76 1.00 1.16 - 0.43 0.80 1.43 2.12 2.40 - -
1-600-5 2-6-15 5.72 2.00 .200 0.27 0.40 0.56 0.78 1.06 1.38 1.70 0.38 0.74 1.08 1.65 2.87 - -
3-600-6 5.52 2.30 .240 0.32 0.48 0.92 1.32 1.94 2.67 -
3-600-7 8.28 2.30 .060 0.20 0.54 0.84 1.20 1.56 2.09 2.61 4.60
2-600-8 8.47 3.72 0.24 0.46 0.90 1.22 1.71 2.40 3.14 3.80
1- 600-9 9.52 2.89 .200 0.68 1.18 1.64 2.06 3.34 4.24 -

3-600-10 8.14 2.30 .160 0.16 0.59 0.86 1.28 1.96 2.90 4.16

volution height wall thickness
1-600-1 2-6-11 .08 .08 .10 .11 .14 .18 .26 .015 .015 .020 .020 .040 .050 .070 .080
3-600-2 3-6-12 .09 .06 .10 .12 .12 - - .010 .015 .015 .020 .050 .060 - -
1-600-3 3-6-13 .06 .11 .14 .19 .21 - - .010 .015 .020 .040 .070 - - -
3- 600-4 1-6-14 .06 .10 .10 .20 .22 .24 - .010 .010 .020 .040 .070 .100 - -
1-600-5 2-6-15 .08 .13 .16 .22 .26 .30 .34 .015 .015 .015 .060 .040 .080 .120 -
3-600-6 .010 .015 .020 .040 .050 .090 - -
3-600-7 .010 .010 .015 .020 .040 .080 .100 -
2-600-8 .010 .015 .020 .030 .060 .060 .100 .100
1-600-9 .020 .020 .030 .040 .080 .120 - -

3 -600-10 .010 .020 .025 .025 .040 .060 .100 -

cumulative septal count tunnel width
1-600-1 2-6-11 7 14 15 17 20 22 22 .08 .12 .22 .34 .40
3-600-2 3-6-12 9 14 18 26 24 29 - .02 .07 .11 .14 -
1-600-3 3-6-13 11 16 19 23 24 - - .08 .12 .29 .38 .40
3-600-4 1-6-14 10 19 22 24 30 30 - .04 .16 .28 .39 -
1-600-5 2-6-15 14 23 24 28 32 34 40 .12 .26 .31 .40 .48
3-600-6 .04 .08 .14 .20 .29
3-600-7 .10 .18 .22 .30 .44
2-600-8 .16 .20 .32 .36 .42
1-600-9 .09 .16 .22 .28 .47 .74

3-600-10 .04 .10 .17 .22 -



Schwagerina dugoutensis

volution # i 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
specimen L w prol radius vector half length

GOO-21 A ^ ^ 8.62 2.80 .180 0.24 0.38 0.56 0.79 1.06 1.41 0.28 0.52 0.86 1.30 1.80 2.68 3.90 4.78
A-B-2 9.01 3.74 .280 . • - - 0.62 1.08 1.30 2.20 2.70 3.70 4.66 -
A-6-3 7.90 3.12 .200 . - . • • - 0.32 0.86 1.31 1.91 2.60 3.82 - -
A-8-4 9.70 3.34 .100 • . - • • - 0.23 0.38 0.86 1.56 2.20 2.86 4.20 5.50
A ^ ^ 8.20 3.00 .100 - - - * - 0.28 0.64 0.88 1.73 2.22 3.14 3.40 -

volution height wall thickness
600-2-2 A ^ ^ .14 .15 .19 .22 .26 34 . .010 .060 .090 .090 .080 .120 -
A-8-2 . . - - - .030 .040 .060 .060 .080 .100 -
A-8-3 . _ • • . - .020 .030 .080 .070 .080 .130 -
A^-4 . . • • . . .010 .040 .060 .060 .090 .080 .100
A^-5 - - - - - - .020 .030 ,060 .060 .060 .080 -

cumulative septal count tunnel width
6002-1 8-6 13 22 24 29 32 47 48 .08 .16 .41 .56 .56 .62 - -
A-8-2 . - - - - . - .14 .20 .22 .36 .50 - -
A4-3 . . - - - • - - .10 .18 .30 .48 - - -
A-8-4 - - - • • - - .06 .10 .19 .30 .42 .60 .74 -

Ui



Schwagerina sp. A

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
specimen L W prol radius vector half length

502-1 503-6 5.32 1.94 .080 0.22 0.33 0.52 0.82 0.07 0.18 0.40 0.72 1.34 1.92 2.66
501-2 503-9 5.92 2.05 .100 0.16 0.28 0.46 0.78 1.04 0.18 0.32 0.71 1.20 1.94 2.60 2.91
503-3 5.98 2.22 .040 0.06 0.14 0.24 0.41 1.02 1.50 2.58
503-4 4.58 1.80 .080 0.12 0.36 0.60 0.86 1.24 1.62 2.30
501-5 6.54 2.18 .050 0.14 0.28 0.57 0.88 1.38 2.20 3.36
501-6 4.04 1.92 .070 0.10 0.20 0.25 0.58 0.97 1.50 1.94
501-7 4.23 1.34 .070 0.14 0.22 0.38 0.71 1.08 1.46 2.00

volution height wall thickness
502-1 503-8 .06 .12 .10 .20 .22 .010 .020 .020 .040 .080 .080 .060
501-2 503-9 .06 .07 .12 .18 .36 .30 .010 .020 .025 .060 .120 .100 -

503-3 .010 .010 .020 .040 .080 .090 .100
503-4 .010 .020 .040 .065 .100 . -

501-5 .010 .020 .030 .060 .060 .080 -

501-6 .010 .020 .030 .060 .060 - -

501-7 .010 .015 .020 .020 .040 .070

cumulative septal count tunnel width
502-1 503-8 13 19 20 26 .04 .12 .16 .30 .38
501-2 503-9 13 19 17 18 22 .02 .08 .12 .26 .28
503-3 .02 .04 .08 .14 .20
503-4 .04 .06 .12 .28 .33
501-5 .04 .07 .12 .18 -

501-6 .02 .04 .08 .12 .16
501-7 .02 .06 .11 .20 .40 .46

Paraschwagerina sp. A

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
specimen 

503-3 3
L

9.11
W

4.43
prol
.110 -

radius vector half length
0.12 0.30 0.70 1.08 1.80 2.74 3.50

503-3
volution height wall thickness

.010 .020 .040 .060 .080 .100 .120

cumulative septal count tunnel width

3.08

8

8

4.48

.160

503-3



11
12
13
15

11
12
13
15

11
12
13
15

volution #
L W prol

10.4 2.26 .120
11.1 2.42 .120
12.9 2.40 .100
9.8 2.20 .100
7.8 2.16 .100
11.5 2.84 .140
9.3 2.10 .240
8.8 2.12 .160
11.8 2.42 .170

Rugosofusulina sp. A

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
radius vector half length

0.18 0.29 0.49 0.79 1.10 0.36 0.92 2.22 4.04 5.12 -

0.24 0.40 0.62 0.92 1.12 0.38 0.69 1.32 2.80 4.12 5.00
0.23 0.38 0.58 0.82 1.18 0.28 0.48 1.00 2.30 2.92 4.22 6.42
0.22 0.36 0.54 0.84 1.20 0.22 0.72 1.60 2.60 3.48 5.52

0.21 0.52 0.92 1.50 2.85 4.02
0.20 0.44 1.20 2.22 4.10 5.62
0.22 0.52 1.40 2.60 4.60 -

0.22 0.51 0.82 1.45 3.42 4.38
0.25 0.45 0.88 1.72 3.16 4.29 5.92

volution height wall thickness
.08 .11 .20 .21 .30 .32 .010 .020 .070 .080 .100 .100
.02 .10 .10 .14 .20 .32 .34 .025 .030 .040 .060 .085 .100
.08 .09 .16 .22 .32 .010 .020 .040 .070 .090 -

.02 .08 .12 .28 .33 .020 .030 .050 .060 .090 -

cumulative septal count tunnel width
11 16 20 24 29 24 .08 .20 -
10 21 22 23 31 .02 .12 .32
15 18 21 25 27 .03 .08 .14
12 19 22 22 25 .10 .18 .22

.06 .09 .20

.04 .10 .20

.10 .12 .20

.08 .14 .28 .59

.08 .16 .29



Paraschwagerina cf. P.fax

volution # 1
specimen L W pro!

500-1 11 7.72 3.44 .100 0.16
500-2 12 6.40 2.52 .120 0.11
500-3 14 7.80 3.65 .120 0.10
500-4 15 7.42 3.60 .100 0.10
500-5 16 7.41 3.14 .100 0.14
500-6 6.48 3.46
500-7 8.92 4.02
5004 7.42 2.98
500-9 6.34 2.42
500-10 9.34 3.20

500-1 11 .10
500-2 12 .07
500-3 14 .08
500-4 15 .03
500-5 16

500-1 11 13
500-2 12 12
500-3 14 8
500-4 15 10
500-5 16 11
5004
500-7
5004
500-9
500-10

2 3 4 5
radius vector

6 7 8 9

0.22 0.40 0.60 0.90 1.40 - -

0.16 0.32 0.42 0.64 1.02 1.30 1.66
0.20 0.32 0.58 0.92 1.30 1.60 -

0.16 0.28 0.44 0.72 1,72 1.48 1.92 2.40
0.22 0.40 0.59 1.28 1.72 - ' -

volution height
.10 .20 .32 .40 .50
.10 .10 .14 .22 .30 .40 .42
.08 .14 .30 .32 .42 .42 -
.06 .10 .16 .22 .38 .48 .50 .52

cumulative septal count
17 23 26 27 28 . -
17 24 27 37 42 45 52
20 25 25 26 28 36
16 24 26 29 33 34 39
17 22 31 37 41 50

1 2 3 4 5 6 7
half length

0.29 0.43 0.73 1.12 1.50 2.28 3.62
0.11 0.28 0.40 0.96 1.22 1.88 2.92
0.15 0.42 0.74 1.12 1.60 2.22 3.40
0.04 0.14 0.50 0.70 1.02 1.60 2.42
0.09 0.20 0.40 0.70 1.12 1.72 2.62
0.10 0.20 0.52 0.84 1.22 1.70 2.52
0.15 0.22 0.50 0.92 1.48 1.99 2.92
0.12 0.24 0.69 0.94 1.45 2.30 3.45
0.12 0.21 0.38 0.62 1.12 2.12 2.96
0.18 0.32 0.58 0.88 1.28 2.10 2.95

wall thickness
.020 .025 .040 .060 .100 .120 -

.020 .045 .045 .060 .060 .075 .100

.020 .020 .030 .080 .080 .100 .100

.010 .010 .020 .040 .050 .080 .100

.010 .020 .040 .080 .120 .130 .135

tunnel width
.07 .12 .20
.09 .19 .24
.04 .08 .10
.10 .20 .32
.09 .10 .20 .34
.06 .08 .18 -

.04 .06 .07 .14 .24

.06 .10 .20 .39

.10 .22 .32 -

.06 .10 .20 .40

8

3.70
3.52
3.22
4.40

4.52

.100

.100



Pseudoschwagerina beedei

volution # 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6
specimen L W prol radius vector half length

503-1 501-12 6.32 4.32 .180 0.19 0.29 0.72 1.99 2.54 0.20 0.46 1.00 1.70 2.74 3.14
503-2 502-13 7.80 3.92 .200 0.20 0.32 0.52 1.00 1.42 0.14 0.38 0.76 1.50 2.72 3.78
503-3 502-15 6.32 2.90 .200 0.22 0.44 1.02 1.74 - 0.22 0.50 0.90 1.32 2.28 3.30
503-4 502-16 8.50 4.32 .100 0.22 0.40 0.78 1.32 - 0.43 0.85 1.62 2.44 3.24 3.76
503-5 503-17 6.22 4.00 .140 0.20 0.32 0.86 1.44 1.60 0.12 0.26 0.58 1.20 2.12 2,80
503-6 7.12 3.80 .140 0.20 0.40 0.92 1.00 2.79 3.72
501-7 8.10 4.10 .220 0.28 0.60 1.12 2.02 3.00 4.00
501-6 7.60 4.43 .280 0.24 0.50 1.12 1.82 2.62 3.42
501-11 9.00 4.48 .210 0.20 0.48 0.84 1.84 2.88 3.44
600-1 6X2 4.32 .180 0.19 0.42 0.88 1.62 2.62 3.30

volution height wall thickness
503-1 501-12 .09 .10 .40 .82 .90 .010 .020 .060 .070 .085
503-2 502-13 .06 .10 .20 .24 .46 .020 .035 .040 .too .100
503-3 502-15 .12 .19 .42 .76 - .020 .030 .070 .080 •
503-4 502-16 .10 .10 .20 .45 .51 .010 .020 .045 .090 .120
503-5 502-17 .04 .10 .60 .52 - .010 .020 .025 .040 .100 .100

cumulative septal count tunnel width
503-1 501-12 13 17 18 17 18 .04 .08 .30 .58
503-2 502-13 8 14 17 20 19 .07 .14 .19 -
503-3 502-15 10 18 21 15 - .08 .11 .24 .50
503-4 502-16 14 15 15 17 - .08 .11 .19 -
503-5 502-17 12 16 18 15 25 .03 .12 .30 -
503-6 .05 .11 .22 -
501-7 .04 .06 .20 -
501-6 .10 .12 .20 •
501-11 .09 .12 .22 -
600-1 .08 .12 .22 .70



Pseudoschwagerina uddeni

volution #>- 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7
specim en L W prol radius vector half length

501-1 502-11 6.06 4.58 .080 0.24 0.44 0.96 1.53 1.98 0.12 0.28 0.70 1.94 2.62 3.10 -
503-2 502-12 8.78 5.56 .100 0.16 0.28 0.89 1.62 2.40 0.12 0.44 0.82 1.30 2.08 2.88 4.28
503-3 503-13 8.70 4.58 .100 0.22 0.48 1.20 1.80 - 0.06 0.20 0.73 1.70 2.68 4.12 -
503-4 502-15 7.54 4.80 .120 0.28 0.51 1.29 1.91 2.42 0.30 0.56 1.00 1.81 2.91 3.98 -
503-5 502-14 7.54 5.94 .180 0.21 0.38 0.92 1.82 2.37 0.32 0.48 0.74 1.70 2.72 3.90 -
501-6 8.81 4.40 .160 - - - - - 0.31 0.56 1.38 2.46 3.64 4.54 -

volution height wall thickness
501-1 502-11 .09 .10 .14 .60 .50 .36 .010 .015 .020 .040 .050 .100 -

503-2 502-12 .06 .09 .22 .72 .62 .44 .010 .010 .020 .040 .080 .100 .120
503-4 503-13 .09 .10 .42 .72 .54 .015 .015 .030 .040 .100 .120 -
503-5 502-15 .10 .14 .78 .72 .52 .060 .065 .075 .090 .115 .140 -
501-6 502-14 .16 .18 .56 .88 .53 .010 .010 .040 .060 .070 .110 -

cumulative septal count . tunnel width
501-1 502-11 9 16 17 14 21 .06 .26 .44
503-2 502-12 9 12 14 12 19 .04 .07 .10
503-3 503-13 8 13 12 14 - .04 .10 18
503-4 502-15 9 12 11 16 24 .10 .13 .22
503-15 502-14 11 12 13 12 19 .09 .20 .66

8

o



APPENDIX B

List of Algae and Foraminifera mentioned in this study

Algae:

Tubiphytes
Mizzia
Calcisphaera

Foraminifera:

Tuberitina 
Paleotextularia sp.
Tetrataxis sp.
Climacammina sp.
Globivalvulina sp.
Endothyridae

Fusulinella spA
Pseudochusenella sp.A
Monodiexodina linearis (Dunbar and Skinner)
Parqfusulina leonardensis Ross
Parafusulina cf. P. deltoides Ross
Parafusulina cf. P. allisonensis Ross
Parafusulina cf. P. brooksensis Ross
Parafusulina (Skinnerella) cf. P. (S.) sonoraensis Dunbar
Parafusulina (Skinnerella) brevis Skinner
Parafusulina (Skinnerella) spA
Parafusulina cf. P. durhami Thompson and Miller
Parafusulina empirensis Sabins and Ross
Schwagerina providens Thompson and Hazzard
Schwagerina crassitectoria Dunbar and Skinner
Schwagerina guembeli Dunbar and Skinner
Schwagerina dugoutensis Ross
Schwagerina sp A
Rugosofusulina sp.A
Paraschwagerina cf. P .fa x  (Thompson and Wheeler) 
Paraschwagerina spA
Pseudoschwagerina beedei Dunbar and Knicker 
Pseudoschwagerina uddeni Beedi and Kniker



122

APPENDIX C

STRATIGRAPHIC SECTIONS

Note: Three stratigraphic sections were measured in Sonora, Mexico. Each section was 

measured with tape and Brunton compass. Rocks were described in the field with lOx hand 

lens. Detailed descriptions of selected specimens from each unit that are based upon thin 

section studies and fusulinid identifications are in Appendix D.

Each description may include two names. The first name or single name is that used 

by R. L. Folk (1974) in his classification of limestone and associated terrigenous rocks. 

The second name, if is used, is in parenthesis and is the terminology of R. J. Dunham 

(1962).
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Location: 30 km southwest of the village of Arivechi in Sonora between the Sierra Santo 

Domingo and Real Viejo; a primitive road leads to the Ebenezer mine at an elevation of 

1500 meters; the section is well exposed and bears N 65° W. from the mine; the strike of 

the section varies from N 15° E. at the bottom to N 20° E near the top; dips vary from 33° to 

37° east; total thickness equals 170 m.

Summary: Fossiliferous calcareous sandstone to siltstone gray to orange weathering light 

yellowish gray to brown or red and interbedded with limestone; thick-to thin-bedded to 

laminated and commonly cross-stratified; iron concretions; fusulinid casts; fossils include 

fragments of fusulinids, crinoid plates, bryozoa, brachiopods, rugose corals, molluscs, 

trilobites and algal debris.

Unnamed Permian rocks; top of the hill

Thickness

Unit Description Meters

1. Interbedded packstone and fossiliferous calcareous siltstone,dark gray

weathering to light gray; thick bedded with cross-bedding; laminations 

of fine sand to silt, red to yellowish; iron stains; packed crinoid plates, 

bryozoa, brachiopods, mollusca and echinoid spines..................................... 13

2. Calcareous siltstone, unfossiliferous dark red weathering reddish to pale 

yellow; blocky, thick-to thin-bedded, cross-bedded and laminated; 

interbedded intraclastic limestone with rounded micrite fragments from

ARIVECHI SECTION
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2-3 mm to about 1 cm or more in diameter, fragments of bryozoa,

brachiopods, and crinoid plates; sparse fusulinnids, unidentified fossil

hash .............................................. .................................................................... 15

3. Fossiliferous limestone (Packstone), dark gray weathering light gray; 

thick- and thin-bedded; scattered iron oxide nodules; brachipods, sparse

rugose corals, crinoid plates in patches; fossil hash.......................................11

4. Sandstone red and yellow weathering light yellow to reddish; thick- 

bedded, blocky with some laminations; fractured throughout, iron oxide

sta ins...................................................................................................................... 18

5. Intraclastic limestone, dark to light gray weathering to light gray; thick- 

and thin-bedded; abundant crinoid plates and dark rounded micrite and 

algae fragments; interbedded with unfossiliferous sandstone, red to 

yellow weathering reddish to yellowish, cross-bedded and

lam inated.............................................................................................................. 15

6. Fossiliferous limestone (Packstone), slightly sandy .dark gray 

weathering light gray with yellowish stains; thick and thin-bedded; 

sparse iron concretions; sandy laminations rich in oriented fusulinids in 

longitudinal sections; crinoids bryozoa, mollusca and algal

fragm ents............................................................................................................. 17
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7. Slightly fossiliferous calcareous sandstone, dark gray weathering to 

light gray; thick-bedded, cross-bedded and with laminations of organic 

matter, crinoids, some fusulinids, bryozoa, brachiopods, sparse rugose

co ra ls................................................................................. ....................................15

8. Fossiliferous calcareous sandstone, yellow to brownish weathering light 

gray; thick-to thin-bedded, cross-bedded and with laminations 

emphasized by iron oxides; fusulinids, bryozoa, crinoids and fossil 

hash; in sharp contact with unfossiliferous clayey sandstone below; 

fossiliferous limestone (Packstone), dark gray, thin-bedded (10 cm)

makes up base of unit................................................................................... 17

9. Fossiliferous calcareous sandstone, yellow to orange weathering light

and brownish orange; cross-bedded and laminated; iron concretions; 

packed oriented fusulinids (casts) and crinoidal plates; interbedded 

unfossiliferous red ferruginous siltstone, thin-bedded or laminated................. 14

10. Fossiliferous calcareous sandstone, orange weathering yellowish 

brown; thick bedded, tabular planar cross bedding and laminations 

emphasized by iron oxides; forms a sharp contact with unfossiliferous 

calcareous sandstone; oriented fusulinids; brachipods, bryozoa, crinoid

plates, fossil hash.............................................................................................. 9

11. Fossiliferous limestone (Packstone) brown to yellowish weathering 

light red to brownish; thick bedded, blocky, laminated; some fracturing; 

oriented fusulinids in longitudinal sections; scattered dark patches (algal
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debris?), crinoid plates, bryozoa, brachiopods................................................ 7

12. Fossiliferous limestone (Packstone), slightly silty, gray and yellow 

weathering yellowish brown; blocky, (thick-to thin-bedded) and 

laminated; fusulinids, crinoid plates, biyozoa, rugose corals, scattered

dark algal debris, fossil hash.............. ..... ................................................... 10

13. Fossiliferous limestone (Packstone) dark brown to orange brown 

weathering brownish to light yellow; grading to a calcareous sandstone 

which forms a sharp contact with unfossiliferous sandstone below.

Thick- and thin-bedded, tabular planar cross bedding; fusulinids lie 

along the sandy laminations of the cross-bedding; limestone contains

oriented fusulinids, crinoid plates.fossil hash ................................... ............9

Total thickness.............................................................................................. 170 meters
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Alluvium covers base of the section
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Location: In the Willard quarry (east side) about 16 km southeast of Hermosillo on an 

unnumbered paved road and 1.5 km east on a gravel road into the quarry, which is an 

elevation of 300 meters; the section is well exposed; the strike of the beds varies from N 

45° E at the bottom of the section to N 42° E near the top; dips vary from 44° to 48° east; 

folding and fracturing of beds made accurate measurements difficult; approximate thickness 

measured equals 110 meters.

Summary: Fossiliferous limestone slightly silty, yellowish white weathering to yellowish, 

reddish, and brownish hues; thick-and thin-bedded; red iron oxide (hematite) fills fractures; 

dolomitized and silicified patches; some folding and fracturing; fusulinids and crinoidal and 

bryozoa fossil hash dominate the invertebrates; red shale crops out at the base of the 

section; total thickness equals 110 meters.

Unit 304 is repeated by faulting at the top of the hill.

WILLARD SECTION I

Thickness

Unit Description (meters')

304. Limestone (packstone), dark gray weathering reddish gray; thin and 

thick bedded; intensely fractured and folded; stylolites; patches of 

dolomitization and silicification; sparse crinoid plated and dark staining 

by organic matter, 29
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303. Limestone (crinoidal packstone), dark gray to reddish gray weathering 

brownish to reddish; thick-and thin-bedded; fractures filled with silica 

and red iron oxides; stylolites; sparse crinoid plates, bryozoa and 

m ollusca........................................................................................ ....................... 18

302. Limestone (packstone), yellowish white weathering white to reddish; 

thick-and thin-bedded; fractures filled with silica and red iron oxides; 

patches of dolomidzation; sparse fusulinids, bryozoa and some 

crino ids...................................................................................................................13

301a. Silty limestone, red brownish weathering brownish gray to yellowish 

gray; thick-bedded; fractured with red iron oxides filling fractures; 

patches of silicification and dolomidzation; sparse fusulinids, crinoidal 

hash..........................................................................................................................17

301. Silty limestone (silty crinoidal packstone), reddish brown weathering

pinkish gray to pale reddish; forms resistant, blocky, thin-to thick- 

bedded units; fractured; red iron oxides in fractures; packed crinoidal 

plates fossil hash................................................................................................ 22

300. Shale, bright red, weathering red brownish; laminated, non-resistant,

poorly exposed.....................       11

Approximate thickness of section................................... ................... ...... 110 meters

Base of the section; alluvium on hillside.
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Location: In the Willard quarry (west side) about 16 km southeast of Hermosillo and 1.5 

km east on a gravel road into the quarry; base of the section is at elevation of 303 meters; 

the section is well exposed; the strike of the beds at the base of the section is N 10°W; dips 

vary from 38o-40° east; folding and fracturing of beds made accurate measurements 

difficult; approximate thickness measured equals 180 meters. Willard Section 1 is separated 

from this section by faulting.

Summary: Limestone, dark reddish gray weathering reddish to greenish gray; thick- 

bedded and interbedded with red and brown nodular chert that weathers to reddish and 

yellowish tones; red iron oxide (hematite), silicification, and dolomitization in patches; 

strongly folded and fractured; silicified fusulinids and crinoidal fragments that are poorly 

preserved are concentrated at the base of the section and are otherwise sparse throughout 

the section.

Top of the hill formed by unit 406

WILLARD SECTION H

Thickness

Unit Description meters

406. Limestone, recrystallized, dark reddish gray weathering gray and 

reddish to brownish hues; interbedded and nodular chert; patches of 

silicification and dolomitization; sparse fusulinids, silicified, and poorly 

p reserv ed ........................................................................................... ................30
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405. Limestone, recrystallized dark reddish gray weathering to light gray and 

reddish to brownish hues; poorly recognized thick bedding; nodular 

chert with fusulinids and interbedded chert; patches of silicification.................38

404. Limestone (Packstone), dark reddish gray weathering reddish to 

brownish; thick-bedded; chert nodules; patches of dolomitization, 

silicification, and dark material (algae?); folded; sparse silicified 

fusu lin ids...............................................................................................................28

403. Limestone (Mudstone-Packstone), dark reddish gray weathering reddish 

to brownish; thick-and thin-bedded; interbedded lenses and nodular 

chert; patches of silicification, and intense hematite staining; folded and 

fractured; sparse fusulinids, silicified and poorly preserved; crinoid 

p la tes .......................................................................................................................28

402. Limestone (Packstone-Grainstone), dark reddish gray weathering light 

greenish gray; thick-and thin-bedded and laminated; red iron oxide 

staining; interbedded lenses and nodular chert; patches of dolomitization 

and silicification; sparse fusulinids poorly preserved....................................22

401. Limestone (Packstone), dark gray to reddish gray weathering light 

reddish and greenish gray with stains; thick-and thin-bedded; chert 

nodules and lenses; patches of silicification and dolomitization; some 

fracturing and stylolites; fracturing produces fragments from a few mm 

to 1 cm or more in diameter; sparse fusulinids and crinoid plates.................... 20
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400. Fossiliferous limestone (Packestone), reddish gray weathering reddish 

and greenish thick-bedded; interbedded lenses and nodular chert; 

dispersed red iron oxides (hematite); fusulinids randomly oriented;

crinoids and bryozoa fragments....................................................................14

Approximate measured thickness............................................................... 180 meters.

Base of the section covered by alluvium on hillside.
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APPENDIX D

PETROGRAPHIC DESCRIPTIONS FOR PERMIAN AGE ROCKS 
IN SOUTHEASTERN ARIZONA AND SONORA, MEXICO

Note; Each description may include two names. The first name or single name

by R. L. Folk (1974), in his classification of limestone and associated terrigenous 

rocks. The second name, if used, is in parenthesis and is the terminology of R. J. 

Dunham (1962).
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EARP FORMATION AT HILL 14 

Note: Samples 500 through 503 are included from this section.

500 Biomicradite (Packstone) (Sample location: base of the formation)

Micrite, partially recrystallized to a microspar, serves as a matrix for some bryozoa, 

brachipoda, crinoid plates, and algal debris and foraminifera: Tuberitina. Palaeotextularia. 

Climacammina. Tetrataxis. Globivalvulina: fusulinids: Paraschwagerina cf. P. fax. 

Rugosofusulina sp. A. Pseudochusenella sp. A and Paraschwagerina sp. A; some 

fusulinids are slightly abraded.

501 Fusulinid biomicrudite (Fusulinid Wackestone-Packstone)

A few bryozoa, crinoid plates, echinoid spines, trilobite and molluscs fragments; 

some algal debris; Tubiphvtes?: the foraminifera Tuberitina. and Globivalvulina: and the 

fusulinids Schwagerina sp. A, &. providens. Pseudoschwagerina beedei. and P.uddeni 

occur in a micrite matrix.

502 Fusulinid biomicrudite (Fusulinid Packstone)

Micrite matrix, stained with red iron oxides, with packed fusulinids: tests complete, 

broken, or randomly oriented in longitudinal and equatorial sections including: &. 

providens. £. sp. A, Pseudoschwagerina beedei. and P. uddeni: other foraminifera in 

lesser amounts include Tuberitina and Climacammina: some crinoidal plates, bryozoa, 

trilobites, molluscs and algal fragments; minor Mizzia. Tubiphvtes and Calcisphaera. easily 

recognized; some bioclastics contain red iron oxide staining.
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503 Biomicrudite (Fusulinid Packstone)

Micrite matrix with abundant fusulinids including Schwagerina sp. A, & 

providens. Pseudoschwagerina beedei. and P. uddeni: other foraminifera include 

Tuberitina. Climacammina. and Globivalvulina: some Tubiphvtes debris; a few echinoid 

plates and mollusca fragments; a few rounded micrite intraclasts rimmed with sparry calcite; 

dispersed red iron oxide particles.
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COLINA LIMESTONE AT HILL 14

Biomicmdite (Packstone) (Sample location: 50 meters above the base of Colina)

Micrite matrix, partially recrystallized to microspar in patches, containing abundant 

Mizzia. Calcisphaera and some Tubiphvtes? ; a few foraminifera tests and the fusulinids 

Schubertella and Endothyridae also scarce paleotextularida.

600 Biomicrudite (Wackestone-Packestone) (Sample location: see Fig. 2).

Micrite matrix, partially recrystallized to microspar in patches and with similar 

silicified patches containing in abundance fusulinid fragments and some complete tests 

including Parafusulina cf. P. deltoides. P. leonardensis. P. cf. P. brooksensis: scarce 

Schwagerina dueoutensis. and guembeli: other foraminifera include Globivalvulina: 

some brachiopoda and bryozoa fragments, echinoid plates, and algal debris from 

Tubiphvtes?: scattered red iron oxide particles.

1-3 Biomicrudite (Wackestone-Packstone) (Sample location: three thin beds near the top 

of the Colina Limestone; see Fig. 6).

Micrite matrix with abundant fusulinids, including Schwagerina guembeli £. 

dueoutensis: a few other Schwagerinida and Schubertellida?: other foraminifera include 

Palaeotextularia. Globivalvulina. and Tuberitina: algal debris from Tubiphvtes and 

Calcisphaera: some mollusc fragments and echinoid spines; red iron oxide staining 

emphasizes lamination.
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ARIVECHI SECTION

Note: Samples OP 1 through OP 13 are included in this section.

OP la  Biomicrudite (Packstone)

Micrite matrix with crinoidal plates, bryozoa and brachiopod fragments, and scarce 

fusulinids; some algal debris; dispersed well sorted angular and subangular silt-size (20 to 

40 microns) quartz grains.

OP lb Biopelsparrudite (Grainstone)

Packed crinoid plates, some of them silicified, and pellets; a few brachiopod 

fragments; patches of micrite; few dispersed silt-size quartz grains.

OP 1c Fossiliferous calcareous siltstone

Dolomitized micrite matrix with angular and subangular silt-size quartz grains; some 

crinoid plates, brachiopod and bryozoa fragments; fusulinids: Parafusulina cf. brooksensis. 

Ei cf. P. allisonensis. and Schwagerina crassitectoria: some red iron oxide staining.

OP 2a Intraclasdc limestone (Grainstone)

Micrite intraclasts containing bryozoa; brachiopod, and crinoid fragments in slightly 

dolomitized sparry calcite cement; scarce fusulinids: Schwagerina dugoutensis: scattered 

silt-size quartz and red iron oxide staining.



1 3 7

OP 2b Ferruginous calcareous siltstone

Well sorted angular and subangular silt-size (20 and 40 microns) quartz with some 

calcareous mud and red iron oxide laminations; no fossils.

OP 3 Oolitic biomicrudite (Packstone)

Ooids, most of them with dark rims and some fusulinid, mollusc, and brachiopod 

fragments in micrite matrix; patches of sparry calcite. Hematite inclusions fill voids in fossil 

fragments; scattered grains of fine sand sized quartz (150 to 200 microns) display quartz 

overgrowths.

OP 4 Ferruginous silty limestone

Well sorted silt-size (20 and 40 microns) quartz in a calcareous mud matrix with red 

iron oxide forming laminations; a few zircon crystals; no fossils.

OP 5 Intraclastic limestone (Crinoidal calcirrudite) or (Biosparrudite)

Micrite fragments, partially silicified and echinoid plates in sparry calcite cement; a 

few micrite patches; some bryozoa and brachiopod fragments; fusulinids poorly preserved; 

scattered hematite staining.

OP 6 Oolitic biomicrudite (Packstone)
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Ooids and other biogenic structures of probably algal origin, some crinoidal plates, 

bryozoa, mollusc shell fragments and foraminifera in a calcareous matrix; foraminifera 

include: Tetrataxis. Parafusulina cf. £• brooksensis. Schwagerina dugoutensis. St 

guembeli. Scattered grains of quartz of fine sand sized quartz display overgrowths.

OP 7 Fossiliferous silty calcarenite

Micrite partially recrystallized and dolomitized and containing scattered very fine 

sand and silt-size quartz, serves as the cement/matrix; a few crinoid plates, brachipod and 

bryozoa fragments; fusulinids badly preserved (broken shells); Tubiphvtes and other 

biogenic fragments of probably algal origin; scattered rhombic dolomite crystals, rock 

fragments (chert and metamorphics), micas, plagioclase, and iron oxide particles.

OP 8a Argillaceous sandstone

Poorly sorted clean quartz grains (20 to 140 microns), angular and subangular in a 

clay matrix that is altered to sericite with patches of silica; some sparry calcite, plagioclase, 

and zircon crystals.

OP 8b Fossiliferous sandy calcarenite

Micrite partially recrystallized and slightly dolomitized and containing very fine 

sand-size quartz of (60 to 80 microns), serves as a cement; some crinoid and echinoid 

plates, mollusc, bryozoa, and brachiopod fragments; fusulinids: Schwagerina dugoutensis.

grains, rounded chert (up to 1cm diam.), plagioclase and sparse iron oxides within the
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shells. This fossil content is in sharp contact with unfossiliferous calcareous quartz 

sandstone.

OP 8c Biomicrite (Packstone)

Micrite with some brachiopods and Paleotextularia and Fusulinella sp collected 

from a short section that had been faulted, or contains reworked sediments from 

Pennsylvanian rocks; the age of the fusulinids is middle Pennsylvanian (Atokan).

OP 9a Ferruginous siltstone

Well sorted quartz grains of silt size (10 to 40 microns) in a matrix of hematite with 

some micas; a few zircon grains; no fossils.

OP 9b Fossiliferous calcareous siltstone

Micrite, partially reciystallized and dolomitized, with silt size (10 to 40 microns) 

quartz grains spread throughout the sample; some crinoid plates and broken or complete 

fusulinids: Monodiexodina linearis. Most bioclasts are worn and randomly oriented 

showing bimodal sorting; fusulinids show good lengthwise orientation; scarce plagioclase, 

micas, and zircon crystals; red iron oxide grains are dispersed or red iron oxide occurs in 

laminations.

OP 10 Fossiliferous calcareous sandstone

Micrite partially recrystallized and dolomitized serves as a cement for sand to silt 

size (20 to 100 microns) subangular to rounded, quartz grains; some, crinoid plates, 

bryozoa and brachiopod fragments, algae: Tubiphvtes. pisolites and other organic debris.
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Fusulinids: Monodiexodina linearis. All in sharp contact with unfossiliferous calcareous 

sandstone.

OP 11 Fossiliferous intramicrudite (Packstone)

Rounded aggregates of micrite and algal debris with crinoid plates, bryozoa and 

scarce paleotextularida; some quartz grains show secondary overgrowths; patches of 

recrystallized micrite; some minor silicification; some dolomite crystals float in micrite; 

sparse red iron oxide as particles.

OP 12 Biomicrudite (Fusulinid Packstone)

Micrite matrix with some crinoid plates, brachiopod, bryozoa and mollusc 

fragments; alga debris; some fusulinids Monodiexodina linearis and P.(Skinerella1 brevis: 

most bioclastics show signs of abrasion; sparse dolomite, quartz grains and hematite 

particles.

OP 13 Sandy-silty Biomicrudite (Sandy silty Fusulinid Packstone)

Crinoidal plates, brachiopoda, bryozoa, algal debris (filaments); dispersed 

Tubiphytes: and the foraminifera: Tetrataxis sp ., Monodiexodina linearis. Parafusulina cf.

bioclastics are worn and broken with a random orientation of the fragments Some disperse 

quartz silty, dolomite rhombs, zircon, micas and chert fragments make up a minor 

terrigenous fraction.
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WILLARD SECTION I

Note: Samples OP 300 through OP 304 are included in this section.

OP 300 Ferruginous clayey siltstone

Angular and subangular quartz silt (10 to 30 microns) cemented by silicified 

argillaceous material and red iron oxide (hematite); some laminations; a few mica flakes; 

fractures filled with sparry calcite.

OP 301 Silty crinoidal biomicrudite (Crinoidal Packstone)

Packed crinoidal plates, showing some breakage and abrasion, in a calcareous 

clayey siltstone that is partially silicified and stained with red iron oxide.

OP 301 b Biomicrudite (Packstone)

Micrite matrix, which is ferruginous and partially silicified contains broken and 

abraded crinoid plates, silicified fusulinid tests, echinoid fragments, and sponge spicules in 

longitudinal and cross sectional views; some algal debris; fossils and fossil debris are 

aligned.

OP 302 Biomicrudite (Packstone)

Micrite, partially recrystallized to microspar, silicified and hematite-stained; 

abundant structures of probable algal origin (Tubiphytes?’). bryozoa and echinoid
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fragments; some textularida, and the fusulinids: Parafusulina ( Skinnerellal cf. £. (&.) 

sonoraensis. £. cf. £• brooksensis. £. cf. £. durhami. £. cf. £. deltoides. and £. 

empirensis: most tests show some breakage and deformation; fractures filled with hematite; 

patches of dolomite.

OP 303 Crinoidal biomicrudite (Crinoidal Packstone)

Micrite matrix, partially recrystallized to microspar and silicified, containing crinoid 

plates, some bryozoa and sparse mollusc fragments and dark colored material of probable 

algal origin; sparse authigenic quartz crystals; some fractures filled with sparry calcite.

OP 304 Biomicrudite (Packstone)

Micrite matrix, partially recrystallized to microspar and silicified: containing crinoid 

plates and algal debris; some authigenic quartz crystals; fractures filled with sparry calcite.
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WILLARD SECTION H

Note: Samples OP 400 through OP 406 are included in this section.

OP 400 Fusulinid biomicrudite (Fusulinid packstone)

Micrite matrix with some bryozoa and crinoidal plates; abundant tests of the 

fusulinids Parafusulina empirensis: most tests are poorly preserved, randomly oriented in 

equatorial and longitudinal sections and recrystallized and silicified; red iron oxide staining 

in patches and as dispersed particles; patches of silicification; fractures are filled with sparry 

calcite and rimmed with hematite.

OP 401 Biomicrite (Packstone)

Micrite, dark gray containing abundant broken crinoid plates and other bioclastic 

debris which show some rounding; scarce Tuberitina foraminifera, algal debris, and 

sponge spicules; patchy silicification; multiple fractures cut the sample; stylolites filled with 

hematite.

OP 402 Biomicrudite (Packstone-Grainstone)

Micrite matrix, partially recrystallized to microspar, containing broken and worn 

crinoid plates, some of which are replaced with rhombs of dolomite; a few crystals of 

authigenic quartz; stylolites filled with hematite.

OP 403 Micrite (Mudstone)
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Micrite matrix, partially recrystallized to microspar and silicified, containing a few 

broken crinoidal plates; hematite occurs as small dispersed particles and concentrated so as 

to emphasize laminations.

OP 404 a Biomicrudite (Packstone)

Micrite matrix containing the fusulinid Parafusulina empirensis? that are poorly 

preserved, partially silicified, and hematized; pellets, hematized; some bryozoa.

OP 404 b Biomicrudite (Packstone)

Micrite matrix, partially recrystallized to microspar, containing poorly preserved 

and broken fusulinids; some crinoidal plates and dark patches of probable algal origin; 

bioclasts are coated with hematite.

OP 405 Limestone, recrystallized

Mosaic of macrocrystalline sparry calcite with patches of hematization and 

silicificadon; fractures filled with iron oxides and a few euhedral dolomite crystals; any 

original fossils are not now visible.

OP 406 Limestone, recrystallized

Micrite partially recrystallized to microspar; multiple fractures filled with sparry 

calcite; dispersed particles of hematite; any original fossils not now visible.
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