
Dat
 

’ 

Po
 

On
ce

 
a
d
s
 

od
 

it
aa
e 

et
 

ear! 
“ 

c
e
 

n
e
o
n
 

=
.
 

War 
twn

hve
tie

ct 
Cee 

a
p
 

E
E
S
 

SS
 

e
s
 

9 
e
e
 

e
e
e
 

Bait 
es 

Y 
e
d
 

a
e
 

f
n
 

J 

S
e
c
a
 

: 
e 

; 
F
u
r
 

e
r
 

E 
. 

+ 





NAT New Haven | 

JUL 17 1963 

Het VARD 
UNIVERSITY 

Peabody Museum of Natural History 

Yale University 

Bulletin 18 

(Lower Permian), 

Hueco Mountains, ‘Texas 

by 
Thomas Ellis Williams 





FUSULINIDAE OF THE HUECO GROUP 

(LOWER PERMIAN), 

HUECO MOUNTAINS, TEXAS 



; ae 
wf a) ae 

ae ; ' : m in lS z o : i “- 

7 ae He 1 sy C i : ry . 

LL a Me Mi ah 
y 

if : a) I 

alt Pr Ui : 

uy Whee 
D od u' i) 



PEABODY MUSEUM OF NATURAL HISTORY 

YALE UNIVERSITY 

BULLETIN 18 

Fusulinidae of the Hueco Group (Lower Permian), 

Hueco Mountains, Texas 

BY 

THOMAS ELLIS WILLIAMS 

Department of Geology and Geophysics, 

Southern Methodist University 

NEW HAVEN, CONNECTICUT 

1963 



Printed in the United States of America 

MUS. COMP. 7001 
LIBRARY 

JUL 17 1963 
HARVARD 

UNIVERSITY 

Copyright Peabody Museum, Yale University 

New Haven, Connecticut, 1963 



Z A. 

oS 
Se — 

YS<\ 

S 2 

Figure 1. Geologic map of central part of Hueco Mountains Ggainies collecting localities and 

z ee iN SS 
= Wee Seep. 

=i 
Rae 
yy 

bs 
Wii) 

Po =e c. 

H Say r 4 
a HW Nin cs HEY As 

Aa an ul] £ (‘ ». 

" i NIT KA 
ll; UW iH funy hg 

ey Ve |; i" 

i f Be 

ie : 

55 

=a Con 

SS 

= 
ae 

ey 
= 

Ce 
i 

ofl = 

Bie et 

2 miles 

ia 

section 8 ~ 

‘, 

Approximate mean declination 1940 

Chr an A 
| 

—— SS [| === = 

va 

Measured section 9 

=. 
sae <= 

=o ? 

Hueco Ganyon fm (incl, basol Powwow mbr) 

‘ 4 ‘ ' ‘ ‘ ‘ * 

Alacran Mountain fm (incl. Deer Mtn red sh mbr) 

Cerro Alto limestone 

no? -* | 
| 

le 
is i ots) 

| 
1 

= —— 

~ 

NEW MEXICO 

and 

ed; may include Pssohw. beds innorth-central area) 

™“. 

ering ond Bursum beds of 
zge! Intrusive igneous 

rocks 

Hueco qroup (undifferentiated) 

be se 
Po 

ond Bursum 
(upper division of Magdalena Is 

Ss red Pseudoschwa; 

measured sections. 



* re 

: 

P ~ ~~~ 

& we - 

* gary 
; % Nis 

¢ r| 1} tir, 
re j a — | 

e ope» . ~ 

abe ‘ 

a - et tae 

ike - + 
—— a 

" « 

isa? 
e@ 

hood 

’ 

oe 

i 

! 

ty 

7 , 
© H 



CONTENTS 

List OF ILLUSTRATIONS 

ABSTRACT 

INTRODUCTION 
Location and accessibility 
Previous investigations 
Method of investigation 
Geologic setting 

STRATIGRAPHY 
Pre-Hueco formations 
Magdalena limestone 
Upper division of the Magdalena limestone 

Hueco group 
Terminology and subdivision 
Hueco Canyon formation 
Name and type section 
Lithology and thickness 
Distribution 
Contacts 
Faunal list 
Age and correlation 

Cerro Alto limestone 
Name and type section 
Lithology and thickness 
Distribution 
Faunal list 
Age and correlation 

Alacran Mountain formation 
Name and type section 
Lithology and thickness 
Distribution 
Contacts 
Faunal list 
Age and correlation 

Correlation with the type Wolfcampian Series 

SYSTEMATIC PALEONTOLOGY 
Family Fusulinidae 

Genus Monodiexodina 
Genus Paraschwagerina 
Genus Pseudoschwagerina 
Genus Schubertella 
Genus Schwagerina 
Genus Staffella 
Genus Triticites 

Vil 

— 

Ot # ©9 O09 



vi FUSULINIDAE OF HUECO MOUNTAINS, TEXAS 

LOcALITY REGISTER 

MEASURED SECTIONS 

REFERENCES CITED 

INDEX 

PLaTEs 1-25 

78 

81 

90 

93 

S7 



ILLUSTRATIONS 

FIGURES 

i. 

Gr HB 69 DO 

10. 

Geologic map of central part of Hueco Mountains including collecting 
localities and measured sections. 

. Index map of Hueco Mountains, El Paso and Hudspeth counties, Texas. 

Generalized columnar section showing typical fusulinid faunas. 
Schematic diagram of regional unconformity at base of Hueco group. 

. Comparison of names used in this report with names used in previous re- 
ports. 

. Generalized columnar section for Pennsylvanian-Permian rocks of the Hueco 

Mountains, Texas. 
Correlation of stratigraphic sections of Hueco group in Hueco Mountains. 

. Sketch showing unconformity between Hueco Canyon formation and Mag- 
dalena limestone on southeast wall of Powwow Canyon. 
Age and regional correlation of the Abo formation between Sacramento 
and Hueco Mountains. 
Correlation of Hueco group with the type Wolfcampian Series. 

TABLES 

Measurements of Monodiexodina bispatulata. 
Measurements of Paraschwagerina shulevt. 
Measurements of Pseudoschwagerina beedet. 
Measurements of Pseudoschwagerina convexa. 
Measurements of Pseudoschwagerina geisert. 
Measurements of Pseudoschwagerina gerontica. 
Measurements of Pseudoschwagerina texana. 
Measurements of Pseudoschwagerina uddent. 
Measurements of Schubertella king. 
Measurements of Schwagerina bellula. 

. Measurements of Schwagerina crassitectoria. 

. Measurements of Schwagerina davist. 

. Measurements of Schwagerina diversiformis. 

. Measurements of Schwagerina emaciata. 

. Measurements of Schwagerina eolata. 

. Measurements of Schwagerina franklinensis. 

. Measurements of Schwagerina aff. S. grandensis. 

. Measurements of Schwagernia huecoensis. 

. Measurements of Schwagerina knightt. 

. Measurements of Schwagerina menziest. 

. Measurements of Schwagerina neolata. 

. Measurements of Schwagerina nelsoni. 
. Measurements of Schwagerina thompsoni? 
. Measurements of Staffella lacunosa. 
. Measurements of Triticites cf. T. cellamagnus. 
. Measurements of Triticites powwowensis. 

Vil 



Vili FUSULINIDAE OF HUECO MOUNTAINS, TEXAS 

PLATES: 

1. Monodiexodina bispatulata 
2. Paraschwagerina shuleri 
3. Pseudoschwagerina beedei 
4. Pseudoschwagerina convexa 
5. Pseudoschwagerina geisert 
6. Pseudoschwagerina gerontica 
7. Pseudoschwagerina texana 
8. Pseudoschwagerina uddeni 
9. Schubertella kingt 

10. Schwagerina bellula 
11. Schwagerina crassitectoria 
12. Schwagerina davist 
13. Schwagerina diversiformis 
14. Schwagerina emaciata 
15. Schwagerina eolata 
16. Schwagerina franklinensis 
17. Schwagerina aff. S. grandensis, Triticites cf. T. cellamagnus 
18. Schwagerina huecoensis 
19. Schwagerina knightt 
20. Schwagerina menziesi 
21. Schwagerina neolata 
22. Schwagerina nelsont 
23. Schwagerina thompsoni? 
24. Staffella lacunosa 
25. Triticites powwowensis 



YALE UNIVERSITY PEABODY MUSEUM OF NATURAL HISTORY BULLETIN NO. 18, 122P., 25 PLs., 

10 TEXT-FIGs., 1963. 

FUSULINIDAE OF THE HUECO GROUP (LOWER PERMIAN), 
HUECO MOUNTAINS, TEXAS 

By Tuomas E. WILLIAMS 

ABSTRACT 

On the geologic map of the Hueco Mountains, Texas, King, et al. (1945) recognized three 
“divisions” of the Hueco limestone: a lower light gray limestone, 500 feet thick (including a 
Powwow member); a middle dark gray limestone, about 250 feet thick; and an upper light gray 
limestone, 800 feet thick including 180 feet of red beds (Deer Mountain red shale member). 
These divisions have been mapped throughout the range; each is lithologically distinctive and 
amazingly uniform. The lower, middle, and upper divisions are considered formations and called 
the Hueco Canyon formation, the Cerro Alto limestone, and the Alacran Mountain formation 

respectively; the Powwow and Deer Mountain units are retained as members of the Hueco Canyon 
and Alacran Mountain formations. Accordingly the Hueco limestone is renamed the Hueco group. 

The formations of the Hueco group contain distinctly different assemblages of fusulinid 
species. The Hueco Canyon, the Cerro Alto, and most of the Alacran Mountain are within the 
“zone of Pseudoschwagerina” (Wolfcampian Series), The Wolfcamp-Leonard boundary, marked 
by the appearance of a Schwagerina crassitectoria-S. franklinensis fauna, falls within the Alacran 
Mountain formation some 80 feet above the last appearance of Pseudoschwagerina. The composi- 
tion of the fusulinid faunas of the Hueco group is as follows (in ascending order) : Hueco Canyon 
formation—Monodiexodina bispatulata n. sp., Paraschwagerina shuleri n. sp., Pseudoschwagerina 

beedei, P. geiseri n. sp., P. texana, P. uddeni, Schubertella kingi, Schwagerina bellula, S. davisi 
n. sp., S. emaciata, S. huecoensis, S. knighti, S. thompsoni? and Triticites powwowensis; Cerro 
Alto limestone—Schwagerina eolata, §. neolata; Alacran Mountain formation—Pseudoschwagerina 

convexa, P. gerontica, P. texana, P. uddeni, Schwagerina diversiformis, and S. nelsoni; Schwagerina 
crassitectoria, S. menziesi n. sp. and S. franklinensis. Facies control of fauna is strikingly demon- 
strated in the occurrence of a typical Wolfcampian assemblage in the Hueco Canyon formation, 
its replacement by the specialized Schwagerina eolata-S. neolata assemblage in the Cerro Alto 
limestone and its reappearance in the Alacran Mountain formation, 
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FUSULINIDAE OF THE HUECO GROUP (LOWER PERMIAN), 
HUECO MOUNTAINS, TEXAS 

By THoMAs E. WILLIAMS 

INTRODUCTION 

LOCATION AND ACCESSIBILITY 

The Hueco Mountains are a north-trending range which occupy an area 

of about 584 square miles in E] Paso and Hudspeth counties, Texas, and in 

southern Otero County, New Mexico. They are bounded approximately by the 

meridians 105° 50’ W. and 106° 10’ W. and the parallels 31° 40’ N. and 32° 05’ N. 

The mapped area extends the length of the range but includes only those portions 

of the range displaying Permian age rocks. 
The range is traversed by one paved road, U. S. Highway 62-180. Two loose 

surfaced, graded and drained roads extend north from the highway, roughly paral- 

leling the escarpment on both the east and west sides; one leading to the Hueco 

Tanks and the other to New Mexico (see fig. 2). A network of dirt roads covers the 

area, but these are not passable to ordinary vehicles. Such roads follow the con- 

tours of the land, and the excessive steepness of some of the grades plus the fre- 

quency of washouts make the use of four-wheei-drive vehicles imperative. 

PREVIOUS INVESTIGATIONS 

The geology of the Hueco Mountains was first treated by C. B. Richardson in 

1904 as part of a report of a reconnaissance of that part of trans-Pecos, ‘Texas, 

north of the Texas and Pacific railway. He included a geologic map of that por- 

tion of the range west of meridian 106° 00’ W. in the El Paso folio of the U. S. 

Geological Survey Atlas, issued in 1909. 
J. W. Beede (1920) presented the first description of the stratigraphic sequence 

in the Hueco Mountains accompanied by the first complete geologic map of the 

range south of the New Mexico-Texas State line. He recognized the major sub- 

divisions employed today although several of the names have been changed. 

Further refinements in the stratigraphy appeared in the papers of King and King 

(1929), R. E. King (1931), and P. B. King (1934; 1942). P. B. King, R. E. King, and 

J. B. Knight (1945) mapped the Hueco Mountains in greater detail, incorporating 

the stratigraphic subdivisions proposed since the work of Beede in 1920. A sum- 

mary treatment of the stratigraphy accompanied the map. The map, however, did 

not include that portion of the range north of the New Mexico-Texas State line, 

and it remained for Hardie (1958) to complete the task. 
Additional reports containing significant stratigraphic and paleontologic in- 

formation pertaining to the Hueco Mountains have been those of Dunbar and 

Skinner (1937), Miller and Furnish (1940), Thompson (1942; 1948; 1954), Miller 

and Parizek (1948), Laudon and Bowsher (1949), Yochelson (1956), Batten (1958), 

Stewart (1958), and Howe (1959). 
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Figure 2. Index map of Hueco Mountains, El Paso and Hudspeth counties, Texas. 

METHOD OF INVESTIGATION 

The geologic map (fig. 1, frontispiece; plate 1, Williams, 1962) of the area was 
prepared with the aid of the U. S. Department of Agriculture aerial photographs. 
The geologic contacts were located in the field and plotted on 7-inch by 9-inch, 
1:30,000 scale, stereo-paired aerial photographs. A composite base map was con- 
constructed from the following U. S. Geological Survey 15-minute quadrangle 
maps: Desert (1943) and Bassett Lake (1943), New Mexico-Texas; Hueco Tanks 
(1944), Hueco Mountains (1943), Clint (1945), and Borrego (1942), Texas. This 
map was photographed, enlarged to same scale as the aerial photographs, and 
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reproduced on a transparent Mylar base; the geologic contacts were transferred 
from the photographs to the map by tracing. The works of King et al. (1945) and 
Hardie (1958) were consulted freely in the placement of the geologic contacts. 

Stratigraphic sections were measured both directly by tape, and by Jacob staff 
and Brunton compass. The classification of bedding according to thickness is that 
of McKee and Weir (1953) modified by Ingram (1954). Colors were determined 
by use of the National Research Council Rock Color Chart. 

Fossils (principally fusuline Foraminifera) were collected from each forma- 
tion at numerous localities throughout the area and at each horizon where present 
within the measured sections. A list of the fusulinid species and their ranges is 
given in fig. 3. New species of Fusulinidae from the area are described in the sec- 
tion on systematic paleontology. Both holotypes and hypotypes are deposited in 
the Yale University Peabody Museum. 

The investigation was suggested and directed by Dr. Carl O. Dunbar, Professor 
Emeritus of Paleontology and Stratigraphy, Yale University. Grants from the 
Schuchert Fund of the Yale Peabody Museum and from Sigma Xi helped defray 
the expenses of the field work. The Graduate School of Southern Methodist Uni- 
versity and the Graduate Research Center of Dallas provided additional funds to 
hire laboratory assistants. I am further indebted to Dr. Karl M. Waage and Dr. 
Elwyn L. Simons for their critical reading of the manuscript. 

This study was submitted in May 1962, as a dissertation for the degree of 
Doctor of Philosophy at Yale University. 

GEOLOGIC SETTING 

The Hueco Mountains are situated in trans-Pecos, Texas, that part of the 
state, west of the Pecos River that differs distinctly from other parts of ‘Texas 

in topography, climate and geology. A major physiographic feature within 
trans-Pecos, Texas, is the Diablo Plateau, a large uplifted block of nearly flat- 

lying sedimentary rocks, structurally higher at the west, east, and southeast mar- 

gins. It is flanked on the east and west by Salt Flat and the Hueco Bolson re- 
spectively; these are structural valleys of the type so common throughout the Basin 
and Range Province. Fault scarps and abrupt dips separate the plateau from the 
sunken valleys at its edge. The dissected fault scarps on both sides of the plateau 
appear as mountains when viewed from the basins. Such are the Hueco Mountains 
on the west margin and the Sierra Diablo on the east. To the north into New 
Mexico the plateau merges imperceptibly into a low escarpment, Otero Mesa. 
From its west margin the Diablo Plateau slopes gently eastward and the strata are 
likewise inclined to the east, with an angle of dip comparable to the topographic 

slope. Thus, the Hueco Mountains are essentially a cuesta with a west-facing 
escarpment and a relief of approximately 1,000 feet. Exposed along this relatively 
steep western escarpment is a thick section of sedimentary rocks that range in 
age from Precambrian to Cretaceous. A variety of structural features resulting 
from small scale intrusive igneous activity and minor faulting serve to complicate 
this simple picture. 

Beede (1920, p. 7) noted that the major influence upon the structure of the 
region as a whole appeared to have been from the southwest, giving a gentle 
northeast dip to the whole northern part of the Diablo Plateau and bringing up 
the older Paleozoic rocks at the south end of the Hueco Mountains. This was 
probably part of a general doming in the vicinity of the southern end of the 
range in early Permian time (post-Bursum, pre-Middle Wolfcamp), which pro- 
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duced the regional unconformity at the base of the Hueco group. The broad 
structural configuration within the area of investigation is that of a monocline 
having a low eastward dip with structural disturbances developed on its western 
border (Richardson, 1909). According to King, et al. (1945), the major structural 
feature of the Hueco Mountains is an arch trending northwestward, whose axis 

lies near or a little west of the crest of the range. A variety of minor structural 
features are superposed on the arch, principally as a result of intrusive igneous 
activity during Tertiary time. Intrusion was accompanied by uplift in the neigh- 
borhood of two of the larger intrusions, Cerro Alto and Red Mountain, producing 
an anticlinal distribution of strata peripheral to those bodies. Gentle domes, lack- 

ing exposures of igneous rocks at their centers but displaying a comparable 
peripheral distribution of strata (e.g. Naville Mountain and a similar structure 
northwest of Red Mountain), suggest the presence of laccoliths. 

With the exception of the faulting which accompanied the subsidence of the 
Hueco Bolson and the uplift of the Diablo Plateau, faults within the Hueco 

Mountains are relatively subordinate features of limited magnitude and variable 
trend. Doubtless they originated as adjustments to the displacements resulting 
from igneous intrusions inasmuch as many of them are distinctly related to such 
features. 
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STRATIGRAPHY 

PrE-HuECO FORMATIONS 

The base of the Hueco group in the vicinity of Powwow Canyon (EI Paso- 
Carlsbad highway) is marked by a major unconformity which increases in mag- 
nitude southward, where the group rests with marked angular unconformity on 
underlying rocks ranging from the Magdalena limestone (Pennsylvanian) down- 
ward to the El Paso limestone (Ordovician) (King, King, and Knight, 1945). To 
the north the magnitude of the unconformity decreases; there the gap between 
the Pennsylvanian and Permian is approximately equal to the time represented 
by the lower part of the Wolfcampian Series (of Ross, 1959). Thus, the Hueco 

group rests unconformably on a variety of units. Detailed discussion of the 
stratigraphy of each of the pre-Hueco formations is beyond the scope of this paper 
and, moreover, several of these units have been the subject of recent studies 

(Thompson, 1942, 1948; Laudon and Bowsher, 1949; Hardie, 1958b; Howe, 1959). 

While investigating the nature of the contact at the base of the Hueco group 
north of the E] Paso-Carlsbad highway, I made several collections of fusulinids 

from subjacent rocks mapped by King, et al. (1945) as Pennsylvanian. ‘The descrip- 
tions of these faunas are included in this paper. Consequently at least summary 
discussion of the stratigraphy of the underlying Magdalena limestone is in order. 

MAGDALENA LIMESTONE 

The term Magdalena was proposed by C. H. Gordon (1907) for the Pennsyl- 
vanian rocks of the Magdalena Mountains, Socorro County, New Mexico. It was 

applied to the Pennsylvanian of the Hueco Mountains by Beede (1920). King and 
King (1929) noted the presence of Strawn, Canyon, and Cisco equivalents within 
the Magdalena of this area and Thompson (1942; 1948) arrived at a similar con- 
clusion, using instead the mid-continent terms, Desmoinesian, Missourian, and 

Virgilian, plus his proposed Derry series. In their map of the Hueco Mountains, 

King, et al. (1945) recognized a lower division (Morrowan and Lampasan) about 
500 feet thick and consisting of heavy-bedded, coralline limestone, with some very 
cherty members; a middle division (Lampasan and Desmoinesian) 300 feet thick 
and consisting of marl, marly limestone, and shale, with some limestone ledges 

near the middle; and an upper division (Desmoinesian, Missourian, and Virgilian) 
at least 500 feet thick consisting of thick to thin ledges of limestone, interbedded 

with marl. Collections from the subjacent Pennsylvanian units are limited to the 
upper division of the Magdalena limestone, and observations are restricted to that 
unit. The term “upper division of the Magdalena limestone” as discussed herein 
is that of King, et al. 

UPPER DIVISION OF THE MAGDALENA LIMESTONE 

King, et al. (1945) describe the upper division as consisting of thin to thick 
ledges of limestone, interbedded with marl. The following distinctive lithologic 
features were cited as characteristic of the higher part of the unit (i.e. about 150 
feet above the base); (a) “pepper and salt’ appearance of many of the thinner 
limestones, owing to a heavy concentration of black, phosphatic flecks; (b) lime- 

@ 
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stone pebbles, in some instances forming coarse conglomerates, in the thicker 
limestone units; (c) marl slopes with considerable orange chert; and (d) the pres- 
ence of a large limestone reef. The observations of King, et al. (1945) are limited 
to exposures south of the New Mexico-Texas State line, more specifically the area 
between the El Paso-Carlsbad highway and the mouth of Hueco Canyon, whereas 
the range extends some distance to the north into New Mexico. This northern 
portion was mapped by Hardie (1958), who noted that the Pennsylvanian rocks 
there differed markedly from those described to the south. He reported that por- 
tion of the Pennsylvanian along the escarpment to consist of regularly cyclical de- 
posits of alternating shales, limestone, and limestone-and-chert-pebble conglom- 
erates in the lower two-thirds and a predominance of massive limestone with a 
few shales and conglomerates in the upper third. Since the Magdalena is situated 
beneath an unconformity which decreases in magnitude to the north, the Pennsyl- 
vanian rocks north of Hueco Canyon are probably younger than those described 
by King, et al. to the south (see fig. 4). 

North South 

LEONARD ALACRAN MOUNTAIN 

FM 

CERRO ALTO LIMESTONE 

HUECO CANYON FM 

mbr 

Lenox Hills 
fauna Powwo 
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CAMBRIAN 
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Figure 4. Schematic diagram of regional unconformity at base of Hueco group. 

Beds of the upper division of the Magdalena limestone begin to appear be- 
neath the unconformity at the base of the Hueco group in the vicinity of Powwow 
Canyon, on the east wall of the canyon below the airway beacon. At this point 
they are exposed at the head of the canyon, whereas farther to the north they crop 
out at the base of the escarpment and in outliers immediately west of the escarp- 
ment. Additional exposures occur peripheral to the Red Mountain intrusion in 
the northern Hueco Mountains a few miles east of the escarpment. By virtue of a 
gentle northern regional dip of the Pennsylvanian rocks and their truncation by 
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erosion preceding deposition of the Hueco group, progressively younger beds of 
the upper division are exposed to the north until it appears that beds of earliest 
Permian age may be included in this interval. 

The lower portion of the upper division of the Magdalena limestone is best 
exposed in the walls on the north side of Powwow Canyon. King, et al. (1945) con- 
sidered it to be a Des Moines equivalent on the basis of a brachiopod assemblage 
of Mesolubus sp. and Muricatina muricatina. Stewart (1958) reported the fusulinid 
Fusulina mysticensis from this part of the section and called it upper Strawn. 
Stewart did not, however, define upper Strawn in reference to a stratigraphic unit 
of rocks but rather as that section occurring above the zone of Wedekindellina 
and within the zone of Fusulina; this would presumably be correlative with the 
Desmoinesian. 

Additional exposures of stratigraphically higher portions of the upper division 
occur farther north along the escarpment. The northernmost Pennsylvanian sec- 
tion of King, et al. (1945), measured section J, is found in an outlier immediately 
west of the escarpment and three miles due south of the Hueco Tanks. In its lower 
beds, this section contains rather primitive species of Triticites, similar in stage 
of evolution to those in the middle or upper Canyon [Missourian]; in the upper- 

most beds are two advanced species of Triticites, resembling forms in the lower 
Cisco [Virgilian] (personal communication from C. O. Dunbar to King, et al.). 
Fusulinids were not reported from beds mapped as Magdalena north of this point 
and it is fair to assume that King, et al. considered the remainder of the Magdalena 
to be equivalent to the beds of measured section J or younger (upper Virgilian). 

It is noteworthy however that beds immediately northeast of measured section 
J and stratigraphically higher (Locality 1) have yielded a Bursum fusulinid fauna 
(lowest Permian). ‘Thompson (1954, p. 18) recognized the Bursum in the Hueco 
Mountains, “just north of Powwow Canyon,” by the presence of Schwagerina sp. 
and Triticites cellamagnus. I am uncertain whether that portion of the section 
exposed at Locality 1 is identical with Thompson’s Bursum, but it is the only 
locality in the Hueco Mountains where I have found Bursum fusulinids. 

It appears then that the upper division is at least partially Permian in age, 
and this conclusion is reinforced by the presence of a primitive Pseudoschwagerina 
fauna above the “Bursum” portion of the Magdalena. Beds containing this fauna 
lie immediately below the unconformity at the base of the Hueco group and 
compose the upper division of the Magdalena exposed in the base of the escarp- 
ment from the mouth of Hueco Canyon northward. They crop out as a distinct 
unit, consisting of approximately 200 feet of 5-10 foot beds of medium- and 
thick-bedded, light gray limestones alternating with covered intervals of a compar- 
able thickness. This unit is informally referred to herein as the Pseudoschwagerina 
beds of the Magdalena limestone. Future work may indicate the desirability of 
treating this unit as a separate formation, especially in light of its probable 
Permian age. I hesitate to propose formation rank because of insufficient strati- 
graphic data and consequent uncertainty as to its qualifications as a mappable 
unit. The Pseudoschwagerina beds are exposed continuously from the southern 
side of the mouth of Hueco Canyon northward along the escarpment, finally 
disappearing under the alluvium at the north end of the range. They are probably 
also present in the exposures mapped as Pennsylvanian surrounding the Red 
Mountain intrusion but have not been differentiated from the Magdalena in 
that area. Observations were limited to the exposures along the western escarp- 
ment south of the New Mexico-Texas State line. The northern part of the Hueco 
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Mountains currently is part of a U. S. Army missile range and access to the area 
is severely restricted. 

The contact between the Pseudoschwagerina beds and the underlying Bursum 
beds is everywhere covered. In the absence of evidence to the contrary, it is as- 
sumed to be conformable. Evidence as to the nature of the upper contact is also 
rare, Situated at the base of a slope-forming unit, the Powwow member of the 
Hueco Canyon limestone, it too is invariably obscured. The possibility of a faunal 

break between the Pseudoschwagerina beds and the overlying Powwow member is 
difficult to assess. My collections from the upper member of the Magdalena are 
neither as plentiful nor as widely distributed as might be desired. Comparison 
with the North American standard in the Glass Mountains contributes little, the 

contact between the Pennsylvanian and the Permian there being one of discon- 
formity (Ross, 1959b, p. 299). Existing data indicate, however, that there is a 
minor but nonetheless discernible break in the evolutionary continuity of the 
fusulinid faunas between the Pseudoschwagerina beds and the overlying Powwow 
member. This conclusion is only tentative and further studies of the fusulinid 
faunas of these units, both along the escarpment and in the area peripheral to the 
Red Mountain intrusion, are prerequisite to a more positive inference of the 

existence of a hiatus. 

HvuEco GROUP 

TERMINOLOGY AND SUBDIVISION 

In 1904, Richardson (p. 32) proposed the name Hueco for the Carboniferous 
of trans-Pecos, Texas, after the excellent exposures in the Hueco Mountains. The 

formation was described as consisting mainly of massive gray limestone with a 
total thickness of 3,000 feet with no indication of its upper limit, more or less of 
the top having been covered or removed by erosion (Richardson, 1909, p. 4). 

Faunal studies by G. H. Girty accorded a Pennsylvanian age to the unit. Gordon 
(1907) and Lee and Girty (1909) divided the rocks of the upper Carboniferous of 
the Rio Grande valley of New Mexico into the Magdalena and Manzano groups, 
separated by a local unconformity. Shortly thereafter Richardson (1910) reported 
that the Magdalena group could be traced into the Hueco limestone on the 
western flank of the Franklin Mountains in Texas, although it could not there 
be separated from the Manzano group owing to the disappearance of the un- 
conformity. Richardson thus concluded that the Hueco formation embraced both 
the Magdalena and Manzano groups. A somewhat more detailed study of the type 
section by Beede (1920, p. 7) revealed that “the Hueco formation contains both 
the Magdalena and Manzano groups of rocks, and in addition a considerable 
thickness of the Mississippian.”” He further noted that the upper of the three 
groups rested with marked unconformity on the Magdalena group. On the basis 
of Richardson’s conclusions as to the equivalence of the Magdalena-Manzano 
groups and the Hueco limestone, and the priority of the term Manzano (Herrick, 
1900), Beede chose to drop the term Hueco and use Helms group, Magdalena 
group, and Manzano group for the Mississippian, Pennsylvanian, and Permian 
respectively. 

King and King (1929, p. 910, 922) retained the term Helms (although they 

suspected that only the upper portion was Mississippian), but recognized three 
subdivisions—Bend, Strawn, Canyon-Cisco—in place of Magdalena. They sub- 
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Figure 5. Comparison of names used in this report with names used in previous reports. 

stituted the name Gym formation for Manzano group because of the similarity 
lithologically and faunally to the Gym formation (Darton, 1916) of the Florida 
Mountains of southwestern New Mexico. King and King (1929, p. 910, 923 and fig. 

7) also proposed the name Powwow for a member composed of conglomerate and 
red beds at the top of the Cisco, and the name Deer Mountain red shale for a red 

bed member in the upper part of the Gym. P. B. King (1934, p. 743) later acknowl- 
edged that the Powwow had been erroneously grouped with the Pennsylvanian 
strata below the unconformity rather than above with the overlying Permian 
rocks. R. E. King (1931, p. 16) recognized three additional members of the Gym 
formation: a lower light gray limestone, 500 feet thick (including the Powwow con- 
glomerate member) containing a great abundance of Schwagerina (Pseudo- 
schwagerina of modern authors); a middle dark gray limestone, 250 feet thick, 
characterized by a great abundance of gastropods and pelecypods; and upper light 
gray limestone, 800 feet thick including 180 feet of red beds (Deer Mountain red 
shale member), characterized by the abundant brachiopods Composita mexicana 

and Wellerella texana. 
P. B. King (1934, p. 742), in the first of his excellent summaries of the Permian 

stratigraphy of trans-Pecos, Texas, restored the name Hueco limestone in a re- 
stricted sense, i.e. to exclude all of the Magdalena, citing Keyte (1929, p. 904) as 
a precedent and noting that the previous use of Manzano and Gym involved the 
introduction of names from other areas without clear demonstration of equiv- 
alency or reasonable correspondence of lithologies. The wisdom of this move was 
borne out by a restudy of the Gym formation (Kelley and Bogart, 1952; Bogart, 
1953) which revealed that Darton’s Gym included Silurian, Devonian, Mississip- 
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pian, Pennsylvanian and Cretaceous (?) rocks in addition to some strata of Permian 
age. R. E. King’s (1931) subdivisions were retained. However on their geologic 
map of the Hueco Mountains, King, King and Knight (1945) employed the terms 
“lower, middle, and upper divisions” of the Hueco limestone in place of the 

lower, middle and upper members. The Powwow conglomerate and Deer Moun- 
tain red shale were treated as members of the lower and upper divisions. In his 
map of the northern part of the Hueco Mountains in Otero County, New Mexico, 
Hardie (1958a; 1958b) treated the Hueco as a formation but used the “divisions” 

of King, et al. (1945) in mapping. Hardie observed that the Powwow conglomerate 
member appeared to be a rather local feature more or less restricted to the type 
locality but admitted the possibility that it might be represented by the uppermost 
red shale of his Magdalena group. 

The term “division” has no standing in the stratigraphic code (Am. Comm. 
Strat. Nomenclature, 1961), yet the divisions of King, et al. (1945) cannot simply 
revert to member status; members may not contain members. Therefore it is pro- 
posed herein to raise the lower, middle, and upper divisions to formation rank, 

calling them the Hueco Canyon formation, Cerro Alto limestone and Alacran 
Mountain formation respectively. They have been mapped throughout the range 
(King, et al., 1945; Hardie, 1958; Williams, 1962); each is lithologically distinctive 

and amazingly uniform in thickness, in color, and in gross bedding characteristics. 
Gradual transition between units renders difficult the consistent placement of 
contacts; nevertheless, the distinction can be made, particularly with the aid of 

aerial photographs. The generally thick-bedded nature of the Hueco Canyon 
formation produces an alternating light and dark “zebra-stripe” pattern on the 
photographs, and contrasts with the dark pattern of the typically medium- and 
thin-bedded Cerro Alto limestones. A similar contrast appears at the contact be- 
tween the Cerro Alto limestone and the overlying thick-bedded Alacran Mountain 
formation, which also exhibits an alternating light and dark “zebra-stripe” pattern. 

This is a reflection of the basic similarity between the lower and upper formations 
of the Hueco group, a resemblance which is repeated in the similarity of their 
fusuline faunas. 

Recognition of these units on lithologic characters away from the contacts is 
not difficult and the observer is rarely in doubt as to his position in the strati- 
graphic section. The choice of contacts may in some places be arbitrary, but in- 
definite contacts are still contacts and each of the formations proposed herein is 
none the less lithologically distinctive. The Powwow conglomerate and Deer 
Mountain red shale are retained as members in the sense of King, et al. (1945). 
Accordingly, the Hueco limestone (restricted) of King (1934) is here renamed the 
Hueco group. A comparison of names used in this report with names used by 
previous workers is given in fig. 5, and a generalized columnar section of both the 
Pennsylvanian and Permian rocks of the area appears in fig. 6. 

HUECO CANYON FORMATION 

NAME AND TYPE SECTION. The Hueco Canyon formation is named for Hueco 
Canyon in the central part of the Hueco Mountains, Texas, where the unit, with 

the exception of the basal Powwow member, is well exposed at its maximum 
thickness. The type stratigraphic section, exposed in the south side of Hueco 
Canyon, is described below and is illustrated graphically in measured section 7 
of fig. 7. 
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SECTION OF HUECO CANYON FORMATION IN HuECO CANYON, 

CENTRAL PART OF HuECO MOuNnNTAINS, TEXAS 

Cerro Alto limestone 

Hueco Canyon formation: 

Ft 

Limestone, light olive gray, thin- and medium-bedded ................... 22 

Covered; probably limestone, thin-bedded .......... sbaiera dnt weisicc sees terusters 29 

Limestone, light olive gray, medium- and thick-bedded; stylolites ........ 43 

Limestone, medium light gray to medium gray, medium- and thick-bedded 36 

Covered; probably limestone, thin-bedded ....... 0... se scaes sleoisletarste mel 

Limestone, light olive gray to olive gray, very thick-bedded; stylolites ...... 50 

Limestone, light olive gray; medium- and thick-bedded ................-- 68 

Limestone, medium dark, medium- and thick-bedded; undulatory bedding .. 10 

Ewmestone, medium eray, thick- bedded; stylolites......2.:<saaenecees-ss<6 22 
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SECTION OF HuECcO CANYON FoRMATION IN HuEco Canyon, (Continued) 
Ft 

Covered; occasional ledges of limestone, medium light gray to medium 
VAY COI DECOEM. cz ieymanlais «18 ere olden Moke nipetererate leche a ote lo eel Ele ae) sie esa ee ee 32 

Limestone, light olive gray to olive gray; thick-bedded; stylolites .......... 20 

Limestone, medium gray, thin-bedded; undulatory bedding; conspicuously 
indented weathered profile; abundant free fusulinids .................. 18 

Limestone, light olive gray, thick-bedded; stylolites; fusulinids in matrix in 
MO WERT CCU messes ticle a ass.es ike oo eae erate eum iohetat a etoia, « os» aie Eee 47 

Limestone, light olive gray, very thick-bedded; cliff-former;  stylolites; 

fusulinids ammMatnixal base: ..% «1 a= mie eee oye Seats le oa sien se 30 

Covered; upper 5 feet has limestone, olive gray to light olive gray, medium- 
bedded, undulatory bedding; considerable medium gray chert which 
weathers medium gray and moderate brown; fusulinids in matrix at base... 16.5 

Limestone, light olive gray, thick-bedded; some chert nodules; fusulinids in 
OTS ib eek OS Ne ee eee eer ee ters eesiciGreypinime wopcvicersm seasick 10 

MCOGVETED ac eco aie +10 08015 2,» cit a) wldrele val apoyo oaisl Cheha alee! 2 +) » cee moi ae 25 

Limestone, light olive gray, thick-bedded |. «...2jaj. 0 0i0ias:<:01 401 «ae oem 18 

Covered; occasional resistant beds of limestone, light olive gray and olive 

gray, medium-bedded; 5 foot thick fusulinid coquina near base (free speci- 
BIVCTAS 0 ofope olan ie 55; 0/0, 9/6, 40/5) kisi Aintnsei ans ye ntas mola it ail yella 9s 'ayos''5t (nie col 95 

Thickness Hueco Canyon formation above Powwow member ..........-. 606.5 

Powwow member of Hueco Canyon formation: 
Covered; outcrop of reddish-brown soil about midway up covered slope .... 60 

Total, thickness Hueco Canyon formation « << os). 003. cw .<m 5/0 ae 666.5 
Pseudoschwagerina beds of Magdalena limestone. 

LITHOLOGY AND THICKNEss. At the type locality, the Hueco Canyon limestone 
consists of a basal conglomerate and red bed sequence followed by 600 feet of 
olive gray, medium- and thick-bedded limestones, with occasional very thick- 
bedded units; the latter are generally massive cliff-formers. Stylolites are common, 
as is an abundance of chert nodules at various levels. The thickness of the Hueco 
Canyon formation, excluding the Powwow member, decreases from north to 

south in the area of investigation from 635 feet at the New Mexico-Texas State 
line to 470 feet in the canyon north of Powwow Canyon, a loss of 165 feet as a 
result of southward thinning. 

The basal conglomerates and red shales of the Hueco Canyon formation were 
first described by Beede (1920, p. 15). They were included in his Permian Manzano 
group. The name Powwow conglomerate was given to these beds by King and 
King (1929, p. 910) for exposures in Powwow Canyon, the route of the El Paso- 
Carlsbad highway. The Powwow was erroneously placed below the Pennsylvanian- 
Permian unconformity, but this mistake was recognized and rectified by P. B. 
King (1934, p. 743). A measured section including the Powwow appeared in a 
later publication (King, et al., 1945, measured section N) in the form of a graphic 
section. It was measured by Knight on the ridge north of Powwow Tank. There 
the Powwow is poorly exposed but provides the best outcrops of the unit in the 
entire range. Re-examination of measured section N reveals little room for im- 
provement in light of the nature of the exposures, and the Powwow portion of 

graphic section 1 (fig. 7) is after Knight. The lithologic description of the unit 
is given below. 



EXPLANATION 

1400° 

Limestone; thick-bedded Marl 

Limestone; medium-bedded Limestone with chert nodules 
1300' 

Limestone; thin-bedded Calcareous mudrock 

Limestone-and— chert 
pebble conglomerate 

UJ 

1200 Limestone; undulatory bedding 

1100' 

1000' 

CERRO ALTO 
900° 

800' 

700° 

600' 

500' 

400' FORMATION 

300' 

200° 

MEMBER RSA 

| Upper division 
Magdalena Is 

100° 

E 3 4 5 miles Upper division 

HORIZONTAL SGALE Mogdalena:is 

Figure 7. Correlation of stratigraphic sections of Hueco group in Hueco Mountains, Texas. 



2 = 
~ o 

. my 
‘ 

in 



STRATIGRAPHY 15 

SECTION OF PowwOW MEMBER OF HUECO CANYON FORMATION IN CANYON 

NORTH OF Powwow CANYON, SOUTHERN PART OF HUECO MOUNTAINS, TEXAS. 

Permian 

Top of member: Ft 

Marl, light gray, medium-bedded; undulatory bedding nodules of dark-gray 

(ADGA Eas AAR, et ay Tite eRe ah TS PR RORE oxy ena et Oe GORA aS ren ee Pe 1] 

mestonre, olive oray, medium-bedded (272.2 ete «cs zy--tas, «reisielete ayerey= amie ale eae 4 

Covered; probably calcareous mudrock, dark reddish-brown changing to light 
gray, medium-bedded marl with undulatory bedding at top .............. 21 

Conglomerate, pebble- and cobble-size fragments of limestone and chert, 
interbedded with calcareous mudrock, dark reddish-brown .............. 29) 

Covered; probably calcareous mudrock, dark reddish-brown .............. 6 

Conglomerate, pebble- and cobble-size fragments of limestone and chert; over- 
laimbyathimlayer, of sandy TimestOne) 21.15.06: cecommaysie te: scors asec oe ns yer sisi 59s 6: 

Covered; probably calcareous mudrock, dark reddish-brown .............. 11 

Conglomerate, pebble-size fragments of limestone and chert .............. 6 

sotale thickness ePOWwWOW tT MenIDErs 2) .i42 «50h tals oe toe vas os bleh de 3 wld Wieks 94 

Upper division of Magdalena limestone (in part) 
MMeEstOne, Net eray, MMeAIUIM-DEAMED 27. Noval. ella. rs «i Shstese sis orcvold « slevele 4+- 

The choice of the term conglomerate in naming this unit was no doubt 
influenced by the predominance of that lithology among the exposed portions of 
rocks of the Powwow interval. However the member is for the most part covered 
and is probably dominantly calcareous mudrock which weathers to a reddish- 
brown clay, and light gray, medium-bedded marl possessing undulatory bedding. 
The conglomerates consist of pebble- and cobble-size fragments of limestone and 
chert. Inasmuch as the conglomeratic aspect of the unit is confined to the vicinity 
of Powwow Canyon, I propose that the name be shortened to Powwow member. 

Measurements of the thickness of the Powwow member are available only 
for the section north of Powwow Canyon (95 feet) and the section at the mouth 
of Hueco Canyon (70 feet). It is not exposed in the canyon immediately south of 
the New Mexico-Texas State line. Hardie (1958a, p. 29-30) gives a figure of 97 feet 
for the combined thickness of two covered intervals at the top of his Magdalena 
group, measured in the escarpment two and one-half miles north of the state line. 
These intervals are separated by a four foot unit of limestone and chert con- 
glomerate and are herein mapped as the Powwow member. Thus, the thickness 
of the Powwow is nearly constant from the north end of the range to Powwow 
Canyon where it thins rapidly by onlap and disappears (see fig. 8). 

DistriBuTION. From the El Paso-Carlsbad highway northward into New 
Mexico, the Hueco Canyon formation produces the Hueco escarpment by virtue 
of the resistant nature of its massive and very thick-bedded units, forming nearly 
vertical cliffs exceeding 100 feet in height. Southeast of the highway it crops out 
along the edge of the Diablo Plateau, serving as a zone of transition from the 
highly dissected lower Paleozoic, Mississippian, and Pennsylvanian terrains of 
the southern part of the Hueco Mountains on the west to the gently-sloping 
lands of the plateau on the east. East of the escarpment it is peripheral to several 
of the local uplifts caused by igneous activity, e.g. Cerro Alto, Red Mountain, 
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Figure 8. Sketch showing unconformity between Hueco Canyon formation and Magdalena lime- 
stone on southeast wall of Powwow Canyon 

and Naville Mountain. The smaller ranges subsidiary to, and immediately west 

of, the Hueco Mountains proper consist largely of the Hueco Canyon formation, 
in some instances capped by the Cerro Alto limestone. 

The Powwow member crops out at the base of the Hueco escarpment almost 
continuously from Powwow Canyon to the northern end of the escarpment in 
Otero County, New Mexico. King, et al. (1945) did not carry the Powwow member 
any further north from the type locality than the mouth of the canyon immedi- 
ately southwest of the Hueco Tanks. Nor did Hardie (1958a; 1958b) recognize 
the Powwow member in his map of the northern part of the Hueco Mountains, 
although he conceded that it might be represented by the uppermost red shale 
of his Magdalena group (1958a, p. 9). As noted previously, the Powwow is for the 
most part covered, but is readily recognized in the field and on aerial photographs 
as a slope-forming unit. It has been mapped northward from its type locality, the 
length of the escarpment (fig. 1, pl. 1, Williams, 1962) and includes portions of 
what had been previously considered upper Magdalena by King, et al. (1945) and 
Hardie (1958a; 1958b). Justification for the extension of the Powwow to the north 
is to be found in the existence of a covered interval at a comparable stratigraphic 
level, and the presence within this interval of a distinctive assemblage of fusulinids 
identical with the assemblage which characterizes the Hueco Canyon formation. 
Additional outcrops of the Powwow are to be found in the area immediately 
north-northwest of Cerro Alto and at the foot of the cliff on the southwest side 
of Naville Mountain; it probably also crops out at the base of the Hueco Canyon 
formation on the periphery of the Red Mountain intrusion, although it has not 
been differentiated in that area. 

Contacts. South of Powwow Canyon, the Hueco Canyon formation overlies 
with marked angular unconformity all the underlying rocks of the Hueco Moun- 
tains, from the upper Magdalena to the El Paso limestone (upper Pennsylvanian 
to Ordovician). From Powwow Canyon northward to where the range disappears 
beneath the alluvium in southern Otero County, New Mexico, the Powwow 

member is the basal unit of the Hueco Canyon formation. It successively overlies 
middle Magdalena (Missourian), upper Magdalena (Virgilian), and in the escarp- 
ment due east of the Hueco Tanks, the Bursum beds and the Pseudoschwagerina 

beds of the upper Magdalena (lower Permian). There is no evidence of angular 
unconformity between the Powwow member and the Pseudoschwagerina beds 
of the Magdalena; the contact is apparently conformable. ‘Thus, the magnitude 
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of the unconformity from the vicinity of the Hueco Tanks northward is con- 
siderably reduced. Hardie (1958a, p. 23) reached a similar conclusion: ‘“North- 

ward in the Hueco Mountains in New Mexico, the angularity of the unconformity 
is much less pronounced and the emergence [post-Virgilian emergence] may be 
represented only by a red shale deposit and a few scattered conglomerates.” ‘The 
Hueco Canyon formation is everywhere overlain conformably by the Cerro Alto 
limestone in the central and northern Hueco Mountains. ‘The contact is one of 
gradual transition, making it difficult to delimit closely the units in the field. 

FAUNAL List. With the exception of the Fusulinidae, the following list was 
compiled from published sources, using only those localities from within the area 
of investigation which could be determined with reasonable certainty as belonging 
to the stratigraphic units outlined herein. The identification of the Fusulinidae 
are, however, those of the author. Those species marked with an asterisk have 

their type locality in the Hueco Mountains. 

HvueEco CANYON FORMATION 

PROTOZOA 

Foraminifera 

FUSULINIDAE 

*Monodiexodina bispatulata, n. sp. 
*Paraschwagerina shulert, n. sp. 

Pseudoschwagerina beedei Dunbar and Skinner 

*P, geisert, N. Spe 
*P. texana Dunbar and Skinner 

*P. uddeni (Beede and Kniker) 
Schubertella kingi Dunbar and Skinner 

Schwagerina bellula Dunbar and Skinner 
*S. davisi, n. sp. 

S. emaciata (Beede) 
S. hwecoensis (Dunbar and Skinner) 

S. knightt Dunbar and Skinner 

*S. thompsoni? Needham 
Staffella lacunosa Dunbar and Skinner 

BRACHIOPODA 

Buxtonia peruviana (d’Orbigny) 
*Camarophoria hueconiana Girty 
C. theveneni Kozlowski 
Composita mexicana (Hall) 
C. subtilita (Hall) 
Derbya cf. D. buchi (d’Orbigny) 
Dictyoclostus dartoni (King) 
D. hessensis (King) 

*D. huecoensis (King) 
D. semistriatus (Meek) 
D. wolfcampensis (King) 
Dielasma bovidens (Morton) 
D. cf. D. bovidens (Morton) 
Enteletes dumblei Girty 
E. liumbonus King 
Horridonia boule: (Kozlowski) 
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Hustedia mormoni (Marcou) 
Kozlowskia capaci (d’Orbigny) 
Linoproductus cora (d’Orbigny) 
Neospirifer condor (d’Orbigny) 
Orthotichia hueconiana (Girty) 
Rhipidomella 
Spiriferellina 
Waagenoconcha cf. W. montpelierensis (Girty) 
Wellerella texana (Shumard) 

MOLLUSCA 

Gastropoda 
Glyptotomaria (Glyptotomaria) marginata Batten 
Omphalotrochus obtusispira (Shumard) 
Straparollus (Euomphalus) cornudanus (Shumard) 

Cephalopoda 

AMMONOIDS 

Agathiceras girtyi Bose 
Eoasianites deciensis (Plummer and Scott) 

E. modestus (Bose) 
E. ruzencevi Miller and Furnish 

Metalegoceras cf. M. colemanense [Miller and Furnish] 

Neopronorites bakeri Miller and Furnish 
Peritrochia sellardsi (Plummer and Scott) 
*Properrinites bosei denhami Miller and Furnish 
*Synartinskia huecoensis (Miller and Furnish) 

POWWOW MEMBER 

PROTOZOA 

Foraminifera 

FUSULINIDAE 

*Pseudoschwagerina beedei Dunbar and Skinner 

*Schubertella kingi Dunbar and Skinner 
*Schwagerina bellula Dunbar and Skinner 

S. emaciata (Beede) 
*§. hwecoensis (Dunbar and Skinner) 

S. thompsoni? Needham 
*Triticites powwowensis Dunbar and Skinner 

AGE AND CORRELATION. Recognition of a three-fold division of the Hueco lime- 
stone first appeared in R. E. King’s (1931) monograph of the brachiopods of 
trans-Pecos, Texas. King presented an analysis of the brachiopod fauna of the 
lower light gray limestone member, herein called the Hueco Canyon formation, and 

assigned it to the upper part of the Wolfcamp (Lenox Hills formation of Ross, 
1959). Dunbar and Skinner (1937) in their monograph on the Permian Fusulinidae 
of Texas concluded “the lower Hueco [Hueco Canyon formation] . . . carries 
abundant fusulines and correlates beyond question with the Wolfcamp formation 
of the Glass Mountains.” The common possession of a typical Pseudoschwagerina 
uddeni fauna was cited as the proof of the correlation. The work of Miller and 
Furnish on the ammonoids of the Hueco Canyon formation in the southern part 
of the Hueco Mountains gave added weight to the correlation. ““The ammonoid 
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fauna is essentially identical with that of the Wolfcamp formation [Lenox Hills 
formation] of the Glass Mountains and that of the Admiral formation of north- 
central Texas.” (Miller and Furnish, 1940, p- 15) 

On the basis of fusulinids, Ross (1959a, p. 100) believed the Hueco Canyon 
formation was probably only slightly older than the basal conglomerate of his 
Lenox Hills formation. The fusulinid faunal sequence of the Hueco Canyon 
formation is consistent with Ross’s interpretation. The Hueco Canyon formation 
and the Lenox Hills formation possess the following fusulinid species in common: 
Pseudoschwagerina beedei, P. texana (P. texana and P. tumidosus of Ross), P. 
uddeni (P. uddeni and P. robusta of Ross), Schwagerina bellula, S. knightt, and 
Monodiexodina linearis [M. bispatulata, n. sp.]. The absence of such species as 
Schwagerina extumida, S. crebrisepta, S. lineanoda, S. dispansa, S. laxissima, S. 

nelsoni, S. hessensis, S. diversiformis, S. compacta, S. hawkinsi, S. tersa, species 

found in the upper shales and limestones of the Lenox Hills formation, indicates 
that the Lenox Hills and Hueco Canyon formations are not exact equivalents. 
The absence of any of the Glass Mountains species of Triticites and the scarcity 
of Paraschwagerina suggest lack of equivalence of any part of the Hueco Canyon 
formation with the underlying Neal Ranch formation. Lloyd (1949, p. 31) 
reached a similar conclusion on the basis of unpublished data. According to Lloyd, 
the limestones above the Powwow conglomerate (i.e., the Hueco Canyon forma- 
tion) do not contain the lowermost Wolfcampian fusulinids; and the Hueco lime- 

stone is late Wolfcampian, or possibly middle and late Wolfcampian. The 
fusulinid fauna of the Hueco Canyon formation is restricted to the basal Powwow 
member and approximately 400 feet of the overlying limestone. It is concluded 
herein that the lower part of the Hueco Canyon formation is correlative with 
at least part of the time represented by the Neal Ranch-Lenox Hills unconformity 
and with the lower part of the Lenox Hills formation. 

Correlation with the standard section is, of course, important and has received 

primary consideration. However the Hueco group extends some 40 miles to the 
north into the Sacramento Mountains of New Mexico where it interfingers with 
the continental beds of the Abo sandstone. The latter are devoid of marine 
fossils and their mutual time relations with the marine strata of the standard 
Wolfcampian Series can only be determined indirectly through their connections 
with members of the Hueco group. Tracing the well-defined faunal zones of the 
Hueco group into the Abo sandstone should prove helpful in this respect, but 
this has not yet been done. Several authors have made attempts at correlation on 
a purely homotaxial basis. Assuming essential equivalence of the Hueco group 
and the Abo sandstone, Thompson (1954, fig. 5B), Pray (1954), Pray and Otte 
(1954), Otte, (1959), and especially Pray (1961, p. 99-106) would treat the Powwow 
as a southern extension of a lower red bed tongue of the Abo; consider the middle 
Abo sequence of thin-bedded limestone, dolomitic limestone, and non-red shales 

as the northern extension of the upper Hueco Canyon-Cerro Alto-lower Alacran 
Mountain formations; and the Deer Mountain red shale member as the southern 

extension of an upper tongue of Abo red beds (see fig. 9). Bachman and Hayes 
(1958), who mapped a portion of the area between the southern Sacramento 
Mountains and the northern Hueco Mountains, dispute this interpretation, 
demonstrating that appreciable area of alluvial cover prevents establishment of 
positive correlations by lithologic continuity. The results of this investigation 
add little to the resolution of this controversy because of a lack of published 
information on the fusulinid content of the various subdivisions of the Hueco 
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Figure 9. Age and regional correlation of the Abo formation between Sacramento and Hueco 
Mountains. 

group north of the New Mexico-Texas State line. Work on the fusulinid faunas 
of this area would seem to be a promising subject for a future investigation. 

Otte (1959, p. 68-69) correlates the Powwow member with the uppermost 
200 feet of the Laborcita formation of the northern Sacramento Mountains on 
the basis of: (1) the presence of Schwagerina cf. S. hwecoensis in a limestone that 
forms the top of the Laborcita formation; (2) the presence of S$. hwecoensis in that 
portion of the lower division of the Hueco limestone [Hueco Canyon formation] 
immediately overlying the Powwow conglomerate. It should be noted however 
that S. hwecoensis occurs not only in that portion of the Hueco Canyon forma- 
tion directly atop the Powwow member, but also within the Powwow; in fact, 

S. huecoensis was originally described from the Powwow. Since S$. hwecoensis first 
appears at the top of the Laborcita formation, the Powwow is probably younger 
than that portion of the Laborcita below the limestone unit bearing the S. 
huecoensis fauna. 

CERRO ALTO LIMESTONE 

NAME AND TYPE SECTION. The Cerro Alto limestone is named for the excellent 
exposures in the upper reaches of Hueco Canyon, south-southwest of Cerro Alto 
in the central part of the Hueco Mountains, Texas. The type stratigraphic section, 
exposed in the south walls of Hueco Canyon, is described below and is illustrated 
graphically in measured section 7 of fig. 7. 
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SECTION OF CERRO ALTO LIMESTONE IN HUECO CANYON, 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS. 

Permian 

Alacran Mountain formation 

Cerro Alto limestone: Ft 

Covered except for 6 feet of medium light gray to medium gray, medium- 
bedded limestone at base; probably a medium gray, medium-bedded marl 28 

Limestone, light olive gray to olive gray, medium-bedded; undulatory bed- 

ding; chert nodules; fusulinids in matrix at base; poorly preserved productid 

brachiopods *about)30 feet above! base: /v 220. oa.) soles. Se bees eae eee 68 

Limestone, light olive gray to olive gray, medium-bedded; undulatory bed- 
dunes Scattered eChert MOUUIES So Pia y.4s Beales eee eclae bee Sees oie. eee 74 

overcentre cia so os Make es leon SRE a tice sero vies Saiels esis aiaiene yet 28 

Limestone, light olive gray to olive gray, medium-bedded .................. 17 

Covered; scattered outcrops indicate medium-bedded marl with undulatory 
BSCR GLa Meare fer ete esars faj0y a. sas aror aera vals oo teyeieKs i olnielevelatalat™ asi cvepansi@ ae) shale ey alieuchedereh 54 

Limestone, medium gray, medium-bedded with thin interbedded layers of 
marl; undulatory bedding; poorly preserved omphalotrochid gastropods ..... 74 

Limestone, medium light gray and medium gray, medium-bedded; occasional 
mrenbedsvor damimated marl) <ycjceto fe. dis 6 sis ave ays his o.epscetsceinis is 2s 2.4, nose eG « 25 

Covered; occasional ledges of thin-bedded limestone; probably interbedded 
medium light gray limestone and light olive gray marl, both medium-bedded; 
poorly preserved omphalotrochid and bellerophontid gastropods; somewhat 

prominent ledges of thin-bedded, fusulinid-bearing limestone about 8 feet 
BION CRI ASCR ease ege yee yl s Spi) seis euiiaicdle( oa 4 eyo tate sloce he es 8 ab. wos, so hoe Ae ee 16 

Limestone, light olive gray to olive gray, thick-bedded; undulatory bedding .. 40 
Limestone, medium light gray to medium gray, medium- and thick-bedded; 
undulatory bedding; poorly preserved gastropods and pelecypods .......... 40 

plotaluentckness, Cerro, Alto: limtestOn Ge: 6 oy< 2.0.0 nls eve wisialereres ae) 5 015 34045,0,0.sisieke ces 464 

Hueco Canyon formation. 

LITHOLOGY AND THICKNESS. At the type locality, the Cerro Alto limestone con- 
sists Of slightly more than 460 feet of medium light gray and medium gray, 
medium- and thin-bedded limestone, typically possessing undulatory bedding. 
Stylolites are not common and chert nodules are only locally abundant. The 
thickness of the Cerro Alto limestone is remarkably uniform throughout the area 
of investigation, showing a decrease of only 20 feet in ten miles, from a thickness 
of 465 feet at the New Mexico-Texas State line to a thickness of 445 feet in the 
canyon north of Powwow Canyon. 

DistripuTIoNn. The distribution of the Cerro Alto limestone parallels that of 
the Hueco Canyon formation on the east side of the escarpment; this is a function 
of its superior stratigraphic position and the gentle eastward regional dip of the 
Permian rocks in this area. Immediately to the east of the crest of the northern 
part of the Hueco Mountains, it is repeated on the east limb of a north-plunging 
syncline produced by the intrusion of the Red Mountain stock. A similar situ- 
ation prevails northwest of Cerro Alto where strata of the Cerro Alto limestone 
are preserved in a doubly-plunging syncline, a consequence of the intrusion of the 
Cerro Alto stock. 
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The Cerro Alto limestone characteristically weathers to gently rounded hills. 
However, it crops out atop a minor escarpment trending north-northwest be- 
tween Alacran Mountain and Hueco Canyon. There it is underlain by the 
Alacran sill and the beds are essentially flat-lying, serving, along with the lower 
portion of the overlying Alacran Mountain formation, as a caprock over the less 
resistant igneous material. The edge of the outcrop belt is migrating eastward as 
a consequence of slope retreat. 

On the Diablo Plateau proper the Cerro Alto limestone is peripheral to 
Naville Mountain, an uplift presumably due to a laccolithic intrusion (King, 
et al., 1945). It crops out at the base of Daily Hill and the Deer Mountain mesa, 
and underlies the edge of the plateau for some distance southeastward from the 
FE] Paso-Carlsbad highway. It also survives as remnants on some of the smaller 
ranges subsidiary to and immediately west of the Hueco Mountains. 

The Cerro Alto formation is underlain and overlain conformably by the 
Hueco Canyon formation and the Alacran Mountain formation respectively. The 
contacts are gradually transitional. 

FAUNAL List. With the exception of the Fusulinidae, the following list was 
compiled from published sources, using only localities from within the area of 
investigation which could be placed with reasonable certainty within the strati- 
graphic units as outlined herein. The identifications of the Fusulinidae are those 
of the author. Those species marked with an asterisk have their type locality in 
the Hueco Mountains. 

PROTOZOA 

Foraminifera 

FUSULINIDAE 
*Schwagerina eolata Thompson 
*§. neolata Thompson 

BRACHIOPODA 

Composita mexicana (Hall) 
Derbya buchi (d’Orbigny) 
Dictyoclostus inca d’Orbigny 
Linoproductus cora (d’Orbigny) 
L. villiersi (d’Orbigny) 
Meekella mexicana Girty 
Wellerella texana (Shumard) 

MOLLUSCA 

Gastropoda 

Amphiscapha (Amphiscapha) dextrata Yochelson 
Glyptotomaria (Glyptotomaria) marginata Batten 
Omphalotrochus obtusispira (Shumard) 
Sallya bicincta Yochelson 
Shansiella conica Batten 
Straparollus (Euomphalus) cornudanus (Shumard) 
Discotomaria nodosa Batten 

Pelecypoda 

Astartella 
Myalina 
Pinna 
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AGE AND CORRELATION. R. E. King (1931, p. 16) recognized a middle dark gray 
limestone member, herein called the Cerro Alto limestone, of the Gym (Hueco) 
limestone, about 250 feet thick, characterized by a great abundance of gastropods 

and pelecypods, with a more or less impoverished brachiopod assemblage. Follow- 
ing analysis of this limited brachipod fauna, King correlated the Cerro Alto 
limestone with the Hess formation (now Hess member of the Leonard formation) 
of the Glass Mountains. In a graphic presentation of the evidence for this corre- 
lation, P. B. King (1934, p. 104) noted that five of the nine species of the brachio- 
pods characteristic of the Cerro Alto limestone, were restricted to the Leonard 

formation in the Glass Mountains. Careful examination of King’s chart reveals 
that three of the Leonard species of the Cerro Alto limestone brachiopod fauna 
(Enteletes dumblei, Marginifera cristobalensis, Crurithyris [Ambocoelia] guada- 
lupensis) have only been questionably identified from the Cerro Alto limestone, 
and two are long-ranging forms (Composita mexicana and Wellerella texana 
[Pugnoides texanus]) which also occur in the underlying Hueco Canyon forma- 
tion of undoubted Wolfcampian age. Thus the correlation of the Cerro Alto lime- 
stone with the Hess member of the Leonard formation on the basis of contained 
brachiopods is at least debatable. 

In their treatment of the fusulines of the Cerro Alto limestone, Dunbar and 

Skinner (1937) were restricted to one collection of reasonably certain stratigraphic 
position. From this collection they identified Schwagerina hessensis and S. 
hawkinsi, forms which characterize the lower Leonard formation in the Glass 
Mountains. Although I was unable to relocate satisfactorily the station from 
which this collection was made, I did have the opportunity to restudy the 
original collection and to make comparisons with the type material of Dunbar 
and Skinner. In my opinion the specimens identified as Schwagerina hessensis 
and S. hawkinsi are better interpreted as falling within the range of variation 
exhibited by Schwagerina neolata, one of the two species composing the peculiar 
fusulinid facies fauna of the Cerro Alto limestone. It would then appear that the 
suggestions of a Leonard age for the Cerro Alto limestone are worthy of recon- 
sideration. 

In this regard it is unfortunate that ammonoids have not been found in the 
middle and upper portions of the Hueco group in the Hueco Mountains. How- 
ever, northward into the Sacramento Mountains of New Mexico, the Hueco inter- 

fingers with the Abo red beds (Thompson, 1942, 1954; Lloyd, 1949; Pray, 1954, 

1961; Pray and Otte, 1954; Bachman and Hayes, 1956, 1958; Otte, 1959), and the 

limestone forms a medial tongue in the Abo of the southern Sacramento Moun- 
tains (the Pendejo tongue of Pray, 1961, p. 104). Miller and Parizek (1948) have 
reported an ammonoid fauna from the Pendejo tongue a few miles south of the 
Sacramento Mountains in the Otero Mesa, Otero County, New Mexico. By virtue 

of stratigraphic position, the Pendejo tongue can be considered equivalent to the 
upper part of the Hueco Canyon formation and/or the Cerro Alto limestone; and 
such is implied in the interpretative diagram of Thompson (1954, fig. 5B) showing 
the relationships of Wolfcampian equivalents from the Hueco Mountains to the 
Sacramento Mountains. Miller and Parizek (p. 351) reached the following con- 
clusions as to the age of these strata: “Therefore, from a study of the cephalopods 
alone, it can be said that although the evidence is not very conclusive, the avail- 

able data seem to suggest that the ammonoid-bearing beds of the Hueco in New 

Mexico are slightly younger than those of the same formation [Miller and 
Furnish, 1940, p. 15], the lower Wolfcamp [Neal Ranch formation], and Admiral 
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of Texas, and are probably of about the same age as the upper Wolfcamp [Lenox 
Hills formation] of west Texas and the Clyde formation of north-central Texas.” 
This find is particularly significant in that the fusulinid fauna of the Cerro Alto 
limestone appears to be a rather specialized facies fauna, dominated by the species 
Schwagerina eolata and S. neolata. These species have no recognizable counter- 
parts in the Glass Mountains section. Ross (1959a, p. 100) assigned the middle 
Hueco limestone (Cerro Alto formation) to some part of the Lenox Hills forma- 
tion above the basal conglomerate, apparently on the basis of position in sequence. 

Thus, despite a lack of diagnostic fusulinids, it would seem more logical to cor- 
relate the Cerro Alto limestone with the Lenox Hills formation rather than with 
the overlying Leonard. 

ALACRAN MOUNTAIN FORMATION 

NAME AND TYPE SECTION. The Alacran Mountain formation is named for 
Alacran Mountain, a small mesa in the central part of the Hueco Mountains, 

where, except for the upper 220 feet, the unit is well exposed. The type strati- 
graphic section was measured on the southwest side of Alacran Mountain. The 
lithologic description is given below and is illustrated graphically in measured 
section 2 of fig. 7. 

SECTION OF ALACRAN MOUNTAIN FORMATION AT ALACRAN MOUNTAIN, 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS. 

Permian 

Alacran Mountain formation: Ft 

Limestone, light olive gray to olive gray, medium-bedded; undulatory 
bedding; fusulinids in matrix 60 feet above base .............0ccceecee 75+ 

Limestone, light gray to medium light gray, very thick-bedded .......... 25 

Limestone, light olive gray to olive gray, medium-bedded; undulatory 
bedding; chert nodules; fusulinids in matrix at COP: 2c ajsfel dior oe eee 29 

Limestone, light gray to medium light gray, very thick-bedded .......... 10 

Limestone, light olive gray to olive gray, medium-bedded; undulatory 
Bread chistes Setar. eis tasers Oeics oles ew cies Seis ais Siys eRae s 0 tee ee (Ee 

Thickness of Alacran Mountain formation above Deer Mountain member 214 

Deer Mountain red shale member: 

Covered; indications of reddish-brown calcareous mudrock from 30 to 65 

feet above base overlain by scattered outcrops of brown marl ............ 109 

Whickness) Deer Mountain red(shale member .... 24. f.. i Jo ie eee 109 

Alacran Mountain formation below Deer Mountain member: 

Limestone, light olive gray, thick-bedded at base becoming thin-bedded 
BOUVET RCE AEOPD flees fologe Gereie cis Ot ose n\/a bat hetotap oes) 01et acs ts /o[aia asa lartetone ohabel sicko eee pe 

Covered; probably marl, light olive gray to olive gray, thick-bedded; 
UpduatoOhy es DEGEin py 2y thcted « pete cites oe V's wis sis (ol dcalaiels wats UO eee ae 23 

Algal limestone, light olive gray, bedding not discernible; 10 feet of light 
olive gray to olive gray, thin-bedded limestone in middle of unit ...... 33 

Thickness Alacran Mountain formation below Deer Mountain member .. 78 

Motalthickness, Alacrans’Mountam donmationy .- see. eee eee oe eee 401 
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Cerro Alto limestone: 

Covered; probably marl, light olive gray to olive gray, medium-bedded; 
beddine somewhat, undullatory, o.f.e< 3 ays aie e davies. tere) de slat vtelarselenveis oe 31 

Limestone, light olive gray to olive gray, medium-bedded; undulatory 

|oictalolinye ts anaraOw OOO OOO AMO OOT ORINS Cero TOR aT COON DCM EE OME Tc OG oF 40 

Covered; probably marl, light olive gray to olive gray, medium-bedded; 
APSIGUEHL ACO yal BE 35 tal cals och oso ay 5 stoay ar aussepehsn staae GMeusl axe, Spsymbosegonate louciattetth bens 14 

Limestone, light olive gray to olive gray, medium-bedded; silicified Com- 
postta, Wellerella, omphalotrochid gastropods .................eeeeeee 37+ 

A reference section is herein designated to supplement the type section insofar 
as upwards of 220 feet are missing at the type locality. The reference section is 
selected from one of the fault block exposures south of the Menzies Ranch head- 
quarters, also in the central part of the Hueco Mountains. The lithologic descrip- 
tion of the reference section is given below and is illustrated graphically in 
measured section 6 of fig. 7. 

SECTION OF ALACRAN MOUNTAIN FORMATION SOUTH OF MENZIES RANCH 

HEADQUARTERS, CENTRAL PART OF HUECO MOUNTAINS, TEXAS. 

Permian 

Alacran Mountain formation: Ft 

Covered; occasional ledges of olive gray, medium-bedded limestone; prob- 
allylic lygiiian lees pops terthaeict oe) sets eiaiers, etek felsieh tke ede evel ateretoleioisie e's hteled > chet ere 40 
iimestone olive, gray, thick-Dedded) r;5 5-4... /c) oy « ethos s18)oiep alia) aie sree lohelotaugiotoriets 6 

Interbedded light olive gray to olive gray, thin-bedded limestone, and covered 
intervals, probably marl, grayish orange; fusulinids in matrix 20 feet above 
Boe We te rots, ssp eons ape sions whousise: sho} nie: stere Ss. srohawe lames pareWets oliates « uaiehe ery ere th eter cues a: 

Limestone, light olive gray, medium-bedded; fusulinids in matrix .......... 6 

Covered except for a medial 10 feet thick ledge of light olive gray to olive 
gray, medium-bedded limestone; probably marl, grayish orange ...........-. 36 

immnestone, Mone olive: stray, medtum-Bedded, 2 oe. ccs ices eee ee 16 

Limestone, light olive gray to olive gray, medium-bedded, undulatory bed- 
GUT: | 65.6 sino An dekIo OS tropic Bis Sabon Bib o Myo dibin mec COC UO ee ee ean Ean 27 

Limestone, light olive gray to olive gray, medium-bedded; undulatory bed- 
GIG Sic clbics bol pmitta auc bid doo Se eisBian ainian Geno ae core lee cnianae cir sneer 35 

Covered; probably limestone, light brownish gray to brownish gray; medium- 

bedded: sundullatory DeGGing oo oc cracre = aa ees cele eel © wee ols eye. niel ho oieinj~ = afoeletai= 60 

Limestone, light olive gray to yellowish gray; medium-bedded; undulatory 
Goloibie a Soo oniosusncet cone co ceaEeUbOUbTooe fo HE cmon A omar ane copemnccoc 56 

Limestone, light olive gray and olive gray, thick-bedded; undulatory bed- 
Chine Bb oboe oc coun oe pos COD OO nO ROC One DOMEEMOTrer DOr nr oe nor OEn.CO6.<.0 5c 24 

Thickness Alacran Mountain formation above Deer Mountain member .. 360 

Deer Mountain red shale member 

LITHOLOGY AND THICKNEss. The Alacran Mountain formation is very similar, 
both lithologically and faunally, to the Hueco Canyon formation. It has a com- 
posite thickness of approximately 622 feet. Except for the 122-foot Deer Mountain 
red shale member, it consists of light olive gray and olive gray, medium- and 

thick-bedded limestone; occasional very thick-bedded units are massive cliff 

formers. 
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The red bed member of the Alacran Mountain formation was first described 
by King and King (1929, p. 923) as a tongue of the Chupadera formation ex- 
tending south from New Mexico into Texas, and the name “Deer Mountain red 

beds” was used in a diagram illustrating correlations of Permian sections in trans- 
Pecos, Texas. In a later publication by R. E. King (1931, p. 16), this member 

was described as consisting of 150 feet of red beds in the lower part of the “upper 
division of the Gym limestone,” exposed in the vicinity of Deer Mountain. P. B. 
King (1934, p. 742) recognized exposures of a bed of dark-red shale, 200 feet 
in thickness, in the upper member of the Hueco limestone and applied the term 
Deer Mountain red shale member from exposures on the mountain of that name 
four miles southeast of Cerro Alto. Two measured sections including the Deer 
Mountain member appeared (King, et al., 1945) in the form of graphic sections; 
they were based on the exposures at Alacran Mountain and the fault block south 
of the Menzies Ranch headquarters. 

The Deer Mountain red shale member crops out in only three places in the 
Hueco Mountains—Deer Mountain mesa (type locality), Alacran Mountain mesa, 

and in the fault blocks south of the Menzies Ranch headquarters. It is exposed 
in its entirety only at the mesas. Nevertheless this member represents a significant 
episode in the geologic history of the area, although it is defined and recognized 
by observable physical features rather than inferred geologic history. The ex- 
posure might lead one to believe that it is defined and recognized by lack of ob- 
servable features. Its most salient characteristic is that it generally appears as a 
covered interval. At such outcrops as permit observations of its lithology, the Deer 
Mountain member appears to consist predominantly of a middle unit of calcar- 
eous mudrock which invariably crops out as reddish-brown soil. Light olive gray 
to olive gray, medium-bedded limestones, displaying undulatory bedding, com- 
pose the upper and lower portions. The lithologic description of the unit, based 
on exposures at the type locality, is given below. 

SECTION OF DEER MOUNTAIN RED SHALE MEMBER OF ALACRAN MOUNTAIN FORMATION 

AT DEER MOUNTAIN, CENTRAL PART OF HuECO MOUNTAINS, TEXAS. 

Permian 

Alacran Mountain formation: Ft 

Lamestone, light olive gray, very thick-bedded ..........56«... <s.04. eee 18 

Limestone, light olive gray, medium-bedded; chert nodules .............. 24 
Limestone; licht olive’ etay, very thick-beddeéd. .. .. ..:s..0 0. 0a «essen eee 15 
Thickness Alacran Mountain formation above Deer Mountain member .. 57 

Deer Mountain red shale member: 

Limestone, medium light gray, medium-bedded; undulatory bedding; chert 
VO CUMS fa oveuakehelckchebar ce Wav even waked ated horeneveh eb afi hedict Viol ots) ov ot al. dhenohofotlatol etal sich eee iene 29 

GOVE Hs. Noho) sieves tale) stometeia oe SESS OEM Iatisbo eke a Ga eis wie FOr ode Seinhel aly aera eee 55 

Limestone, light olive gray to olive gray, medium-bedded; discontinuously 
pepo) O19 aC eg) Oto REAERERER ROE PRC RI Onc tect Ie ee eee os er er es co ok 8 
Covered; probably a reddish-brown calcareous mudrock ................ 30 

Thiekness Deer Mountain. red shalesmemben «5 /s.wiat. amis ad, Soe 122 

Alacran Mountain formation below Deer Mountain member: 

Limestone, medium light gray to medium gray, medium-bedded ........ 85 
Thickness Alacran Mountain formation below Deer Mountain member .. 85 

Motalvthickness Alacran Mountam formation o\o5.0ccn ee eee ene enone 264 
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Cerro Alto limestone: 

Covered; probably limestone, light olive gray, thin-bedded .............. 70 
Limestone, light olive gray, medium-bedded; undulatory bedding 

DisTRIBUTION. Except for such localities as Alacran Mountain, Deer Mountain, 
and the fault blocks south of the Menzies Ranch headquarters, exposures of the 

Alacran Mountain formation are limited to the limestones below the Deer Moun- 
tain red shale member. For the most part these beds crop out some distance to the 
east of the escarpment. Some exceptions to this are: the exposures just east of the 
crest of the escarpment of the northern part of the Hueco Mountains in the north- 
plunging syncline produced by the intrusion of the Red Mountain stock; those 
preserved in the similarly produced doubly-plunging syncline to the northwest 
of the Cerro Alto stock; and the beds which, in conjunction with the Cerro Alto 

limestone, serve as a caprock on a minor escarpment trending north-northwest be- 
tween Alacran Mountain and Hueco Canyon. The strata to the east and south- 
east in the Diablo Plateau are herein treated as the Hueco group—undiffer- 
entiated. Complications by faulting render untenable simple extrapolations to 
the east on the basis of regional strike and dip. These strata may in fact be the 
equivalent of the limestones above the Deer Mountain red shale member or 
younger (Leonardian), but I could find no evidence to bear on the matter; they 
are barren of fusulines. 

Contacts. The Alacran Mountain formation is underlain conformably by the 
Cerro Alto limestone. The contact is one of gradual transition, but one which 

can be placed consistently in the field. The upper contact is everywhere one of 
disconformity, the upper beds of Alacran Mountain limestone having been re- 
moved by erosion. They are overlain by unconsolidated sediments, evidently of 
Quaternary age (King, et al., 1945). 

FAUNAL List. With the exception of the Fusulinidae, the following list was 
compiled from published sources, using only localities from within the area of 
investigation which could be placed with reasonable certainty within the strati- 
graphic units as outlined herein. The identifications of the Fusulinidae are those 
of the author. Those species marked with an asterisk have their type locality in 
the Hueco Mountains. 

PROTOZA 

Foraminifera 

FUSULINIDAE 

*Pseudoschwagerina convexa Thompson 

P. gerontica Dunbar and Skinner 

P. texana Dunbar and Skinner 
P. uddeni (Beede and Kniker) 
Schwagerina crassitectoria Dunbar and Skinner 
S. franklinensis Dunbar and Skinner 

S. diversiformis Dunbar and Skinner 
*S. menziest, N. sp. 
S. nelsoni Dunbar and Skinner 



28 FUSULINIDAE OF HUECO MOUNTAINS, TEXAS 

BRACHIOPODA 

Camarophoria hueconiana Girty 
Composita mexicana (Hall) 
Derbya buchi (d’Orbigny) 
Dictyoclostus dartoni King 
D. inca d’Orbigny 
D. semistriatus (Meek) 
Horridonia subhorrida rugatula (Girty) 
Hustedia huecoensis King 
Kozlowskia capaci (d’Orbigny) 
Marginifera whitei? King 
Meekella mexicana Girty 
Orthotichia hueconiana (Girty) 
Rhynchopora taylori Girty 
Streptorynchus pygmaeum Girty 
Wellerella texana (Shumard) 

MOLLUSCA 

Cephalopoda 

NAUTILOIDS 

Stenopoceras sp. 

AGE AND CORRELATION. Prior to formal recognition of the upper member of the 
Gym (Hueco limestone), P. B. and R. E. King (1929, p. 925) observed that the 
Gym limestone of the Diablo Plateau interfingered with red beds and gypsum of 
the Chupadera formation (Yeso, Glorieta, and San Andres formations) near the 
New Mexico-Texas State line, and that a few tongues of the red bed facies ex- 
tended south of the boundary into Texas; the Deer Mountain red shale member 
was considered to be one such tongue. Thus even before the proposal of a three- 
fold subdivision of the Hueco limestone, the possibility of a Leonard age for the 

upper Hueco was under active consideration. Coincident with its recognition 
as a member, R. E. King (1931, p. 16) correlated the upper light gray limestone 
(herein called the Alacran Mountain formation) with the Hess formation (now 
Hess member of the Leonard formation). The evidence for this correlation con- — 
sisted mainly of the common association of the abundant and characteristic 
brachiopods Composita mexicana and Wellerella texana, a widespread faunal 
facies of the Chupadera formation (Yeso, Glorieta, and San Andres), Bone Canyon 
member of the Delaware Mountain formation (Bone Spring limestone), and upper 
Hess formation (Hess member of Leonard formation). 

Dunbar and Skinner (1937) did not have access to collections from the Alacran 
Mountain formation and no published fusulinid studies of this unit appeared 
until the work of Thompson in 1954. However during that interval P. B. King 
(1942, p. 677) reported that the Wolfcampian genus Pseudoschwagerina had been 
collected in the limestones above the Deer Mountain red shale member. Thomp- 
son (1954, p. 19) described a fusulinid fauna from these upper limestones both at 
Alacran Mountain and Deer Mountain, but he noted that most of the fauna was 
not present in the type section of the Wolfcampian of the Glass Mountains. Its 
rather highly advanced aspect suggested that the upper Hueco was younger than 
the type Wolfcampian, although still much more similar to the subjacent 
Hueco faunas than to younger Permian (i.e. Leonard) faunas. For this reason and 
because “upper Wolfcampian rocks were removed by pre-Leonardian erosion” 
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he proposed that the Wolfcampian Series be redefined to include the upper part 
of the Hueco limestone in the Hueco Mountains. 

Ross (1959a, p. 100-101) concluded that the middle Hueco limestone and the 
lower part of the upper Hueco limestone (Cerro Alto limestone and lower Alacran 
Mountain formation respectively) were equivalent to that portion of the Lenox 
Hills formation above the basal conglomerate. He agreed that the upper part of 
the upper Hueco limestone above the Deer Mountain red shale member was 
probably younger than the fossiliferous parts of the Lenox Hills formation and 
admitted that it might not be represented in the Glass Mountains succession. 
However, he suggested the possibility of equivalence with the lower part of the 
Bone Spring formation (i.e. Leonard age) on the basis of: (1) the presence of 
Pseudoschwagerina gerontica in the upper part of the upper Hueco limestone in 
the Hueco Mountains; (2) the association of Pseudoschwagerina gerontica and 

Schwagerina franklinensis in the Hueco limestone of the Franklin Mountains; 
(3) the restriction of Schwagerina franklinensis to the Leonard formation in the 
Glass Mountains; and (4) the presence of a highly specialized Psewdoschwagerina, 

P. stanislavi (Dunbar, 1953, p. 799), in the Bone Springs formation (Leonard) of 
the Sierra Diablo. 

The results of this investigation corroborate the findings of Thompson as to 
the existence of Pseudoschwagerina gerontica, P. convexa, Schwagerina diversti- 
formis, and S. nelsoni (plus Pseudoschwagerina texana and P. uddeni) in the 
upper Alacran Mountain formation above the Deer Mountain member. More- 
over other beds containing this fauna were discovered in a downfaulted block 
of the Alacran Mountain formation south of Cerro Alto (Locality 33). This 
assemblage is a straightforward Wolfcampian fauna, albeit slightly younger than 
the youngest beds of the standard section. However, a fauna consisting of 
Schwagerina crassitectoria and S. franklinensis (forms characteristic of the Leonard 
in the Glass Mountains), occurs approximately 80 feet above the Pseudo- 
schwagerina gerontica fauna. Thus, it appears that the Wolfcamp-Leonard 
boundary lies somewhere within the upper part of the Alacran Mountain forma- 
tion and is herein placed arbitrarily at the base of the unit containing the 
Schwagerina crassitectoria-S. franklinensis fauna. 

The Deer Mountain red shale member has been variously interpreted as a 
red bed sequence of the Yeso formation (P. B. King, 1934, p. 746; Bachman and 
Hayes, 1956, p. 1796 and 1958, p. 698) and as a southern tongue of the Abo 

sandstone (>. Bb. and, R..E, King, 1929) p. 923; P. B: King, 1942). p. 677;Pray, 

1954, p. 101 and 1961, p. 105; Pray and Otte, 1954, p. 1296; Thompson, 1954, 

fig. 5B; Otte, 1959, fig. 11). Consequently the age assigned to the limestones above 
the Deer Mountain member should agree with the age of the Yeso or Abo (or 
vice versa). The Leonard age of the Yeso is generally accepted, but the age of the 
Abo has been the subject of considerable controversy. Although considered 
wholly Wolfcampian in the Permian correlation chart (Dunbar, et al., 1960), the 
literature abounds with alternative proposals of an early Leonard age, in whole 
or in part (P. B. King, 1942, p. 674-677; R. E. King, 1945, p. 16-17; Bates, ez al., 

1947, p. 28; Lloyd, 1949, p. 31 and in Jones, 1953, fig. 9). It was noted by P. B. 

King (1942, p. 674-677) that the assignment of a Wolfcampian age to the Abo was 

based on: (1) the correlation of the upper Abo of the southern Sacramento 

Mountains with the Deer Mountain red beds of the Hueco Mountains to the 

south, and (2) the premise that the limestones above those red beds contained a 

Wolfcampian fusulinid fauna. R. E. King (1945, p. 17) urged reconsideration of 
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the Wolfcampian age of the Abo on the basis of well log correlations with the 
Leonard of the subsurface of southeastern New Mexico. Bachman and Hayes 
(1958, p. 696-697) quoted paleobotanical evidence for an uppermost Wolfcampian or 
lower Leonardian age for the upper tongue of the Abo sandstone in the southern 
Sacramento Mountains, preferably the latter. However, if in fact the Deer 

Mountain red shale member is equivalent to the upper tongue of the Abo, an 

uppermost Wolfcampian age would be more consistent with the regional relations 
of the Abo, inasmuch as the Deer Mountain member is overlain by a Pseudo- 
schwagerina fauna of undoubted Wolfcampian affinities in the Hueco Mountains. 
In summary, the age of the upper Abo is dependent on the age of that portion of 
the Alacran Mountain formation which contains the Deer Mountain red shale 
member. The latter is overlain by a Pseudoschwagerina fauna and is herein 
interpreted as Wolfcampian, accepting Thompson’s proposal to expand the limits 

of the Wolfcampian Series. 

CORRELATION WITH THE TYPE WOLFCAMPIAN SERIES 

The type Wolfcampian crops out in the face of the Glass Mountains, Texas, 
where it was deposited in conjunction with late Pennsylvanian strata on the 
northern margin of the Marathon orogenic belt. Deposition along the flank of 
the rising Marathon Mountains produced beds which thicken and thin abruptly 
along strike and contain numerous facies changes and unconformities. In contrast 
to these conditions, the sediments of the Hueco group appear to have been de- 
posited as an uninterrupted succession on a stable platform. Comparison of two 
such dissimilar environments is difficult at best, and it is not surprising that our 
understanding of the stratigraphic relations between the Hueco group in its type 
area and the standard sequence in the Glass Mountains is not one of simple 
equivalence. My correlations are based on comparison of the fusulinid faunas 
and are summarized in fig. 10. 

It appears virtually certain that there are no temporal equivalents of the 
Neal Ranch formation in the Hueco group. Examination of the fusulinid 
faunal list of the Neal Ranch formation (Ross, 1959b, p. 300) disclosed only four 

species which are present in the Hueco Canyon formation; Pseudoschwagerina 
beedei, P. texana, P. uddeni, and Schwagerina emaciata. ‘Two of these (Pseudo- 

schwagerina uddeni and Schwagerina emaciata) are restricted to the Neal Ranch 
formation and the remaining two (Pseudoschwagerina beedi and P. texana) range 
into the overlying Lenox Hills formation. The Neal Ranch formation also in- 
cludes various species of Triticites as important elements of its fauna whereas 
the Hueco Canyon fauna contains only one species of Triticites (T. powwowensis), 
a form transitional to the genus Schwagerina and quite different from those found 
in the Neal Ranch formation. The base of the Hueco Canyon formation is 
marked by a widespread regional unconformity (see figs. 4, 8), and it is probable 
that the site of the present Hueco Mountains was one of uplift and erosion 
during Neal Ranch time. Consequently the lowermost formation of the Wolf- 
campian Series is represented by a hiatus in the Hueco Mountains section. 

The greatest measure of faunal similarity between the Hueco group and the 
standard section is to be found in the Lenox Hills and Hueco Canyon forma- 
tions. Pseudoschwagerina beedei, P. texana, P. uddeni, Schwagerina bellula, and 

S. knighti are common to both units (see fig. 3). Correlation of the two units is 
further supported by the presence of several Hueco Canyon forms (e.g. Pseudo- 
schwagerina uddeni and Monodiexodina bispatulata) which, although not 
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specifically identical with the remaining elements of the Lenox Hills fauna, can 
certainly be said to represent a comparable stage of evolution. It is true that 
several of the minor components of the Lenox Hills fauna are not present in 
the Hueco Canyon formation; this is more attributable to the diversity of the 
Wolfcampian fauna than to any real lack of equivalence between the two forma- 
tions. According to Ross (1959a, p. 90-93), many Wolfcampian fusulinids follow 
definite lithotopes, and there is unquestionably a greater variety of depositional 
environments in the Glass Mountains section. 

GLASS HUECO 

MOUNTAINS MOUNTAINS 

Series (type) 

Leonard formation 
Hess member 

c 
o 

Uv 
_ 
o 
c 
fo} 
o 

mt 

Alacran Mtn fm 

Deer Mountain mbr 

Hueco Canyon fm 
_ Powwow member _ 

Series (type) 

Wolfcampian 

Figure 10. Correlation of Hueco group with the type Wolfcampian Series. 

Correlation of the Cerro Alto limestone with the standard section is based 
largely on position in sequence. The fusulinid fauna of the Cerro Alto is domi- 
nated by and restricted to the species Schwagerina eolata and S. neolata, forms 
which have not been reported from the type Wolfcampian, nor in fact from any 
other areas of the North American Permian outside of the Hueco Mountains. 
Yet they do not represent isolated occurrences, for they are both abundant and 
widespread within the Cerro Alto limestone. Rather Schwagerina eolata and 
S. neolata appear to constitute a restricted facies fauna whose corresponding 
lithotope was not present in the Glass Mountains. This view is supported by the 
nature of their distribution within the Hueco group. It is noteworthy in this re- 
gard that the limestones of the Hueco Canyon and Alacran Mountain forma- 
tions are very similar, and this similarity extends to their fusulinid faunas. The 

Alacran Mountain formation contains nearly all the same basic types of fusulines 

which are found in the Hueco Canyon formation; the fusulinid fauna of the 

Alacran Mountain formation differs only in having attained a higher degree of 

development. During deposition of the Cerro Alto limestone, the typical Wolf- 

campian fusulinid fauna of the Hueco Canyon formation was replaced by the 
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Schwagerina eolata-S. neolata fauna. This fauna persisted through Cerro Alto 
time, but was replaced by a younger fauna with strong Wolfcampian affinities 
upon the return of conditions which permitted deposition of limestone of the 
kind found in the Alacran Mountain formation. ‘Thus, the Cerro Alto limestone 
is probably contemporaneous with the upper part of the Lenox Hills formation 
but does not contain any of the characteristic Lenox Hills fusuline Foraminifera 
because of facies control of faunas. 

The fusulinids of the Alacran Mountain formation in the limestones above 
the Deer Mountain red shale member indicate that these strata are younger than 
the highest beds of the Lenox Hills formation. However, they are more closely 

related to the Wolfcampian than to the Leonardian Series. The presence of Pseudo- 
schwagerina texana, P. uddent, Schwagerina diversiformis, and S. nelsoni amply 
demonstrates the Wolfcampian affinities of the fauna. Moreover Pseudoschwa- 
gerina gerontica and P. convexa are obvious descendants of Pseudoschwagerina 
uddeni and P. texana. Both are characteristic of the Alacran Mountain forma- 
tion but neither are found in the Lenox Hills formation. This suggests that the 
Alacran Mountain beds are slightly younger than the highest beds of the Lenox 
Hills formation and were no doubt deposited during the interval represented by 
the unconformity at the top of the Lenox Hills formation in the western Glass 
Mountains. 

The Wolfcamp-Leonard boundary is recognized as falling within the upper 
part of the Alacran Mountain formation, approximately 280 feet above the Deer 
Mountain red shale member. Unfortunately most of the upper part of the 
Alacran Mountain formation has been removed by erosion; only a small portion 

remains preserved in a graben south of Cerro Alto (measured section 6). In beds 
some 80 feet above the last appearance of Pseudoschwagerina, one finds a fauna 

consisting of Schwagerina crassitectoria and S. franklinensis; both forms have 
been reported from the lower part of the Leonard formation (Ross, 1959a; 1960). 
Therefore that portion of the Alacran Mountain formation above the Schwa- 
gerina crassitectoria-S. franklinensis fauna is correlated with the zone of Schwa- 
gerina crassitectoria and is considered to be Leonardian in age. 
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Genus MONODIEXODINA Sosnina, 1956 

Monodiexodina bispatulata, n. sp. 

(Plate 1, figures 1-5) 

DescriPTIon. This is a slender, elongate and subcylindrical species of 8 or 9 volutions; 

it normally attains a length of 14 or 15 mm and a diameter of 3.0 mm. The form ratio 
increases steadily and rapidly with growth from about 1.5 in the first whorl to as much 
as 6.0 in the last. The shell is scarcely at all inflated in the middle and the polar ex- 
tremities are bluntly rounded. 

The proloculus normally measures between 200 and 240 microns in diameter, is very 
thin-walled, and is commonly somewhat distorted in shape. The early whorls also have 

thin walls; they increase gradually from a thickness of about 20 microns in the first 
whorl to about 80 microns in the seventh, maintaining a rather constant thickness from the 
seventh to the final whorl. The wall consists of a thin tectum and a well-defined keriotheca. 

Septal folding is rather weak except near the basal margin where regular folds of 
adjacent septa touch, forming a pattern of cell-like chamberlets. Cuniculi are present in 
the outer two volutions but cannot be recognized in the earlier volutions. The restriction 
of the folding to near the base of the septa produces a distinctive appearance in axial 
section; a regularly spaced succession of low septal loops extending from each side of 
the tunnel to the poles. The spacing of the septa is moderately close with a total of 10 
septa in the first chamber, increasing to 20 in the third, and displaying an average of 28 
in the succeeding whorls. Septal pores are obscured by secondary deposits in the inner 
whorls but are abundant in the outer whorls. Phrenothecae were conspicuously absent 

in all specimens which I examined. 
One of the most diagnostic features of this species is the large amount of axial filling 

and the striking appearance it presents in axial section. The secondary deposits are laid 
down irregularly along the axial zone, completely filling the chambers in this region; 
with increasing size of chambers the deposits are correspondingly more massive, pro- 

ducing a “propeller-shaped” profile, not unlike two spatulas, hence the name “‘bispatulata.” 
The tunnel is low and wide; lack of chomata renders difficult the determination of 

its limits and the possession of septa simple enough to be cut away at the sides of the 

tunnel is a further complicating factor. Thus the tunnel measurements are somewhat 

irregular and fail to show any noticeable trend other than a general increase in tunnel 

width from youth to maturity. 
Discussion. Monodiexodina bispatulata is characterized by: its size and slender, sub- 

cylindrical profile; thin walls particularly in the early whorls; regular basal septal folding; 

heavy and peculiarly distributed axial deposits. It most closely resembles Monodiexodina 

linearis (Dunbar and Skinner) but is larger and less cylindrical. It can be distinguished 

from Schwagerina franklinensis Dunbar and Skinner by its greater size, larger form 

ratio, restriction of folding to the basal margin of the septa, and possession of secondary 

axial deposits; from Monodiexodina steinmanni (Dunbar and Newell) by its less cylindri- 

cal shape, larger size, lack of chomata, and more consistent possession of axial deposits; 

from Monodiexodina paralinearis (Thorsteinsson) by its larger size, lack of chomata, 

and heavier and more regularly distributed axial fillings. 

33 
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TABLE 1 

MEASUREMENTS OF MONODIEXODINA BISPATULATA 

YPM YPM YPM YPM 
Volution 22460 22462 22463 22464 

Radius 0 .08 2 .09 .09 
vector 1 .18 226 all sls 

(mm) 2 .26 34 24 123 
3 45 45 44 135 
4 .65 .60 .65 .50 

5 .85 .80 85 .70 
6 1.405 1.00 15415 .90 

7 1.30 20) 1.40 1.20 
8 1.60 1.60 — a= 

Half 0 ety! ene .10 .10 

length 1 24 .36 44 .18 
(mm) 2 353 .64 .70 .42 

3 .80 1.10 1225 80 
4 1.20 1.40 2:30 1-36 
5 1.90 2.20 3.40 1.95 
6 3.00 3.30 5.40 2.90 
7 4.40 4.70 6.40 4.35 
8 6.30 — — — 

Form 1 ils 1.4 Dee Le; 

ratio 2 2.0 1.9 2.9 1.8 
3 1.8 2.4 2.8 223 
4 1.8 wxS 325 2.6 

5 2.2 yey | 4.0 2.8 
6 2.9 3.0 4.7 Ie 
i 3.4 3.9 4.6 3.6 
8 3.9 — _ -- 

Tunnel 1 33 21 28 26 

angle 2 40 a) 32 Sa 
(2) 3 58 Zi 47 39 

4 48 55 45 38 
5 60 40 73 38 
6 65 _- — 50 

Wall 0 .016 024 .016 008 
thickness if .024 008 .024 008 

(mm) 2 .016 016 .048 016 

3 1032 016 .056 032 
4 .048 040 .064 040 

5 .048 064 .072 048 
6 .056 072 .080 064 

7 .080 .072 .080 080 
8 .080 .072 _ 080 
9 .080 a — — 
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OccurRENCE. Monodiexodina bispatulata is restricted to the Hueco Canyon forma- 
tion in the Hueco Mountains, ‘Texas, where, however, it is not overly abundant (Locality 
9; sec. 1, bed 19). 

Genus PARASCHWAGERINA Dunbar and Skinner, 1936 

Paraschwagerina shuleri, n. sp. 

(Plate 2, figures 1-5) 

Description. A rather large, highly ventricose species of 7 volutions, attaining a 
length of about 11 mm and a thickness of 5 mm. The poles are acutely pointed and the 
lateral slopes are convex. It displays a thick fusiform profile as a consequence of rapid 
inflation during growth. 

The proloculus is the largest of any of the known species of Paraschwagerina, with 
a diameter of 200 to 240 microns. The juvenarium consists of 2 to 3% rather tightly 
coiled, elongate volutions, followed by rapid inflation; this change in the rate of ex- 
pansion produces chambers more than twice as high as those of the preceding whorls. 
The chamber height of the final volution is about 100 microns less than that of the 
penultimate. ‘The chambers are nearly uniform in height from pole to pole. The form 
ratio increases from about 1.5 to 2.5 within the juvenarium and decreases to a more or 
less constant value thereafter. 

The walls of the juvenarium are uniformly thin, ranging from 24 to 32 microns. 
However, the wall thickness of the remaining whorls increases steadily to a maximum 
of 136 microns. ‘The wall consists of a tectum and a well-defined keriotheca. The septa 
in the juvenarium are intensely folded from pole to pole; the septa in the outer whorls 
are also marked by strong, high folds, which subdivide the chambers into rounded 
chamberlets. The septa appear as high loops in axial sections. Septal pores are abundant 
but rather fine; intense folding causes the septa to cross the slice at high angles and ren- 
ders the septal pores inconspicuous in axial sections, Phrenothecae appear to be a 
diagnostic feature; they are present in all the specimens of the sample. 

The tunnel is a moderately narrow low slit of somewhat irregular width. The ab- 
sence of chomata (both in the juvenarium and succeeding whorls) renders difficult the 
choice of tunnel limits, but this only partially explains the lack of consistent tunnel 
angle values. Determination of tunnel angles from polished half-sections reveals a similar 
spread of values. 

This species is named in honor of Dr. Ellis W. Shuler, former Professor of Geology 
at Southern Methodist University, in recognition of his many contributions to the 

paleontology of Dallas County, Texas. 
Discussion. Paraschwagerina shuleri is characterized by its moderately large proloculus, 

compact and slender juvenarium, exceptional height of volutions in the outer whorls, 

intensity of septal folding, rudimentary chomata restricted to the outside of the proloculus, 
and consistent possession of phrenothecae. It can be distinguished from P. gigantea 
(White) by its larger proloculus, smaller number of volutions, more inflated form, less 
uniform septal fluting, and lack of chomata; from P. kansasensis (Beede and Kniker) by 
its larger proloculus, smaller number of volutions, elliptical rather than subspherical 
profile, lack of chomata, and consistent possession of phrenothecae; from P. acuminata 

Dunbar and Skinner by its greater size, larger proloculus, lack of chomata, and con- 
sistent possession of phrenothecae; and from P. plena Ross by its larger size, less abrupt 
change in rate of expansion, more evenly elliptical profile, possession of phrenothecae, 
and greater regularity of septal folding. 

OccurENCE. Paraschwagerina shuleri is restricted to the Hueco Canyon formation 
and to date has only been found in measured section 8, bed 17. However, there are indi- 
cations that it may be more widely distributed in the northern part of the Hueco Moun- 

tains. 
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TABLE: 2 

MEASUREMENTS OF PARASCHWAGERINA SHULERI 

YPM YPM YPM YPM 
Volution 22465 22466 22469 22468 

Radius 0 4 ail .09 .10 nia 
vector 1 .18 at5 mi ES) Hi 

(mm) 2 .30 26 22 .39 
3 46 .38 .39 .70 

4 .90 a15 .80 1.25 
5 155 1.40 1.30 1.75 
6 2AO 2.05 1.80 2 NS 
7 2.50 2.45 2.20 a= 

Half 0 ml? .10 mil A2 

length 1 .28 28 24 44 
(mm) 2 ey cy “52 ae 

3 .90 1.00 1.05 1.30 

4 1.60 1.65 1.70 2.40 
5 2.30 2.60 2.80 3.30 

6 3.20 3.30 4.10 4.40 
7 Sato 4.80 5210 — 

Form 1 1.6 1-9 1.6 1.6 
ratio 2 1-7 2.0 2.4 138 

3 2.0 2.6 ay 1.9 
4 1.8 Ded, eg | 1.9 

5 15 1.9 pie 1.9 
6 155 1.6 2.3 2.0 
Hi 2.0 2.0 DES, _- 

Tunnel 1 19 19 19 15 
angle 2 21 30 44 19 

&) 3 24 34 30 pal 
4 28 23 21 17 
5 25 33 24 — 
6 — 40 — — 

Wall 0 024 016 .016 .032 
thickness 1 032 024 .016 .024 
(mm) 2 032 024 .024 .024 

3 032 024 .032 .040 
4 040 032 .032 .080 
5 064 064 .064 7112 

6 096 .120 .104 .096 
7 104 .080 .136 -- 
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Genus PPEUDOSCHWAGERINA Dunbar and Skinner, 1936 

Pseudoschwagerina beedei Dunbar and Skinner 

(Plate 3, figures 1-8) 

Pseudoschwagerina uddeni Needham, N. Mex. School Mines Bull. 14, pl. 10, fig. 3, 1937. 

Pseudoschwagerina beedei Dunbar and Skinner, Texas Univ. Bull. 3701, p- 656-658, pl. 
49, figs. 1-14, 1937. 

Description. A rather small, thickly fusiform species of 5 to 6 volutions, attaining a 
length of 5.4 to 7.8 mm and a diameter of 3.0 to 3.8 mm. The poles are subacutely 
rounded. The axial profile is evenly elliptical throughout most of growth with the lateral 
slopes becoming slightly concave in the penultimate and final volutions. The proloculus 

TABLE 3 

MEASUREMENTS OF PSEUDOSCHWAGERINA BEEDEI 

YPM YPM YPM YPM 
Volution 22471 22474 22473 22477 

Radius 0 .10 Hil .07 10 

vector 1 AD 20 10 15 

(mm) 2 +20 .30 20 25 

3 .50 .50 35 40 

4 .70 1-20 65 60 

5 1.60 1365 £220 1.10 

6 1.90 — 1.60 1.45 

Half 0 11 lt .08 10 

length 1 30 30 115 20 
(mm) 2 60 .70 40 40 

3 1.00 1.40 .70 70) 

4 1.60 2.30 1520 125 

5 2AO 3.70 2.20 2.10 

6 3.90 _- 3.20 2210 

Form 1 2.0 eS 15 les 

ratio 2 S10) 223 2.0 16 

3 2.0 238 DAY 1.8 

4 DS ie 2 1.8 24 

5 ilar 230 1.8 1.9 
6 220 a 2x0 1.9 

Tunnel if Di DEY 36 39 

angle 2 30 36 33 31 
(°) 3 — — 44 32 

4 — — 45 — 

Wall 0 016 .024 016 016 

thickness 1 024 016 .016 008 
(mm) 2 032 1032 032 041 

S 073 057 .049 049 
4 073 .057 .073 065 

5 089 .089 O81 073 

6 065 -- .065 .049 
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is of medium size with a more or less constant diameter of about 200 microns. A well- 
defined juvenarium of 3 or 4 tightly coiled volutions is followed by rapid inflation in 
the next one-fourth volution. The next two volutions are high but the last volution de- 
clines appreciably. The chamber height is nearly uniform from pole to pole in all but 
the last volution where it increases somewhat toward the poles. The wall is rather thin, 
increasing gradually from about 30 microns in the early whorls to about 90 microns in 
the penultimate whorl and decreasing slightly in the final whorl. It consists of a tectum 
and a well-developed keriotheca. The septa are nearly plane except near the base and 
near the poles where they are feebly folded. The folding is more regular in the final 
volution but still confined to the base of the septa; this produces a regular pole-to-pole 
sequence of septal loops, which in conjunction with the decline in the height of the final 

volution (Dunbar and Skinner, 1937, p. 658), constitute criteria for the recognition of 
mature forms. Septal pores are abundant in the outer volutions. Chomata are present in, 
and confined to, the whorls of the juvenarium. 

Discussion. Pseudoschwagerina beedei is the smallest and structurally the most primi- 
tive of the pseudoschwagerines in the trans-Pecos Texas-New Mexico Permian, and is 

the earliest member of a lineage composed of Pseudoschwagerina beedet-P. uddeni-P. 
gerontica. ‘The differences between these three species are differences of degree and there 
exists within the Hueco limestone an almost complete sequence of transitional forms. 
Thus P. beedei is similar to P. uddeni (Beede and Kniker); it is distinguished by its 
smaller size and the presence of 3 or 4 volutions in the juvenarium versus the 1-2 
volutions in the juvenarium of P. uddeni (Beede and Kniker). Forms at the extremes of 
the range of variation in populations of these two species are not easily distinguished. 
P. kozlowskit Dunbar and Newell from the Lower Permian of Bolivia is very similar in 
size and shape to P. beedei; the authors of P. kozlowskii state that it is constantly some- 
what more slender in the juvenile whorls. P. needhami ‘Thompson also resembles this 
species in size and shape but is characterized by more massive chomata and more slowly 
expanding shell. P. rhodesi Thompson can be more readily differentiated from this 
species by its shorter, more tightly coiled juvenarium, lack of basal folding of the septa, 
and failure of the chamber to decline in height in the last whorl. P. morsei Needham 
differs in being consistently larger and more elongate, and in possessing a somewhat 
better defined juvenarium with sharply pointed poles. 

DisTRIBUTION. Pseudoschwagerina beedei was originally described from, is character- 
istic of, and restricted to, the Hueco Canyon formation in the Hueco Mountains; it is 

most abundant in the basal part of this unit. It has been reported from the upper part 
of the Neal Ranch formation in the Wolf Camp Hills and in the lower part of the 
Lenox Hills formation in the western Glass Mountains (Ross, 1959a, p. 404). 

Pseudoschwagerina convexa Thompson 

(Plate 4, figures 1-4) 

Pseudoschwagerina convexa Thompson, 1954, Kans. Univ. Paleont. Contr., Protozoa, art. 

5, p. 75-76, pl. 44, figs. 1-4; pl. 51, figs. 1-8, 1954. 

Description. A rather large and evenly fusiform species of 6 or 7 volutions, commonly 
attaining a length of 10 or 11 mm, and a diameter of 4.5 to 5.5 mm. It has sharply pointed 
poles in the inner volutions of the juvenarium, but the poles of the succeeding whorls 
are bluntly rounded to pointed. The lateral slopes taper rather regularly but are slightly 
concave in the outer volutions of some specimens. 

The proloculus is large with an outside diameter of 300 to 360 microns. The ju- 
venarium consists of 3 volutions coiled rather closely. Following the juvenarium there 
is usually a great increase in the height of the whorls. The change is not quite so abrupt 
or so extreme as in Pseudoschwagerina uddeni and there are several forms in which the 
juvenaria are so indistinct that they are distinguishable only by the chomata. The last 
volution declines somewhat in height. 
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TABLE 4 

MEASUREMENTS OF PSEUDOSCHWAGERINA CONVEXA 

YPM YPM YPM YPM 
Volution 22481 22480 22479 22478 

Radius 0 silt .18 15 14 
vector 1 .30 .30 .40 ws 
(mm) fs 45 45 .80 50 

3 .65 .60 55 75 
4 1.05 85 1.20 10 
5 1.80 ihe 1770 1.70 
6 2.45 bet 15) 2.00 DAS 
a -- 2.00 = _- 

Half 0 19 .19 15 16 
length 1 30 40 .60 30 
(mm) 2 .60 .80 1.00 75 

3 110 1.20 1.60 1.20 
4 2.00 1.65 2250 220 

5 3.10 2.80 3.00 4.20 
6 4.60 4.20 4.55 5.00 
7 = 5.00 _— _- 

Form 1 150 13 15 122 
ratio 2 123 1.8 13 1°35 

3 iL S74 2.0 2.9 1L6) 
4 1.9 1.9 Dat 2.0 
5 187 2.4 1.9 DES 
6 1.9 Ia | 23 DS 
7 — Paes —- — 

Tunnel 1 23 27. Ze, 25 
angle 2 20 23 22 24 

(°) 3 — 24 39 34 

4 “= 23 32 29 

5 — 29 —- 49 

6 -- 32 _- —_ 

Wall 0 .040 .024 .024 .032 
thickness 1 .032 .032 .032 .032 

(mm) 2 .032 .056 .032 .040 

3 .064 .056 .048 .032 
4 .064 .056 .080 .064 

5 1072 .072 .080 .104 
6 .104 .104 .088 .080 
di -= 144 — — 

The wall is thicker than that of the generotype, measuring 80 to 140 microns in the 
outer whorls, The septa are generally strongly and somewhat regularly folded near their 
basal margin. Septal loops are common except in the more inflated forms (where the 
abundance of septal loops is more strongly influenced by the position of the slice in the 
chambers). Septal pores are abundant. The tunnel angle increases steadily and gradually 
from 20° in the first whorl to 35° in the intermediate whorls. However it is impossible 
to distinguish the tunnel in the outer whorls owing to restriction of chomata to the 
juvenarium; this difficulty is also encountered in the use of polished half sections. 



40 FUSULINIDAE OF HUEGO MOUNTAINS, TEXAS 

Discussion. This species is distinguished by many of the same features as P. texana 
Dunbar and Skinner—size, shape, possession of a juvenarium, and restriction of chomata 

to the juvenarium; it also resembles P. texana Dunbar and Skinner in the variation in 
distinctness with which the juvenarium is set off by inflation of later whorls. It is dis- 
tinguished from P. texana Dunbar and Skinner by its slightly larger size and generally 
better developed chomata in the juvenarium. General similarity in form and stratigraphic 
position indicate direct descent from P. texana but the apparent trend toward more 
massive chomata is puzzling. P. convexa differs from P. montanensis Frenzel and Mun- 
dorff in its thicker wall and more massive chomata in the inner three to four volutions, 
and in its shorter and inflated outer volutions. P. convexa differs from P. wher Thompson 
and Hazzard in its more loosely coiled outer volutions, shorter and more inflated shell, 

narrower tunnel and considerably larger proloculus. 
OccurRRENCE. Pseudoschwagerina convexa is characteristic of, and restricted to, the 

Alacran Mountain formation (excluding the Deer Mountain member) in the Hueco 
Mountains, Texas. 

Pseudoschwagerina geiseri, n. sp. 

(Plate 5, figures 1-3) 

Description. This extremely large species attains a length of 20 mm and a diameter 
of 5 mm in 6 volutions. The lateral slopes are gently convex becoming somewhat con- 
cave toward the poles at maturity. The growth is commonly somewhat irregular and the 
poles may appear rather blunt or unsymmetrically pointed. 

The proloculus is moderately large, commonly between 250 and 300 microns in 
diameter. The juvenarium consists of two whorls which are relatively short and thickly 
fusiform. There is a rapid inflation of the whorls following the juvenarium but the 
change is not as abrupt or as extreme as in P. uddeni (Beede and Kniker); it is more 
like that in P. texana Dunbar and Skinner. The last volution declines somewhat in 
height. Chamber height is fairly constant from the middle third of the shell to the poles. 
The form ratio increases gradually and regularly from 2.0-2.5 in the early whorls to as 
much as 3.9 at maturity. 

The wall is thick, increasing from 32 microns in the first volution to a maximum 
of 128 microns in the later whorls. The septa are irregularly folded with only a slight 
concentration of folding at the base. The abundance of septal loops varies with the 
orientation of the thin section. Septal pores are abundant in all the inflated whorls. 

The septal count varies from 16 chambers in the first volution to 24 in the fourth. 
Chomata are restricted to the juvenarium, becoming obsolete in the inflated whorls. The 
tunnel is difficult to measure in the absence of chomata but appears to range between 
40° and 50°. 

The species is named in honor of Dr. S. W. Geiser, Professor Emeritus of Biology at 
Southern Methodist University, to whom the writer is indebted for many helpful sug- 
gestions with regard to matters of zoological nomenclature. 

Discussion. This species is readily distinguished from most species by virtue of its 
great size, particularly its extreme length. Additional distinctive characteristics include 
an abbreviated juvenarium and an abrupt change in rate of coiling from the latter to 
the inflated whorls. It is larger than P. gerontica Dunbar and Skinner and may be fur- 
ther distinguished from that species by its more slender proportions, less elevated whorls, 
and more strongly fluted septa. It is most like P. texana var. ultima Dunbar and Skinner 
but differs in being larger, more loosely coiled, with less highly fluted septa, and having 
a juvenarium more distinctly set off by inflation of the post-nepionic whorls. P. mon- 
tanensis Frenzel and Mundorff is not as large and does not display the abbreviated 
juvenarium distinctly set off from the succeeding volutions by an abrupt change in rate 
of coiling. 

OccurRENCE. Pseudoschwagerina geiseri is restricted to the Hueco Canyon formation 
and to date has only been found at Locality 8. However, there are indications that it 
may be more widely distributed in the northern part of the Hueco Mountains. 
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TABLES 

MEASUREMENTS OF PSEUDOSCHWAGERINA GEISERI 

YPM YPM YPM YPM 
Volution 22482 22484 22587 22588 

Radius 0 Wy AS .10 15 

vector 1 34 38 36 32 

(mm) 2 .50 .80 64 56 

3 95 1.70 1.20 1.10 

4 165 DDS 175 70 
5 2EDS 2550 2 AS 2.20 

6 2.60 — —- — 

Half 0 16 14 10 18 

length 1 48 .80 .90 36 
(mm) 2 1.20 175 1.70 1.20 

3 3930 4.40 3.40 3230 

4 6.60 6.30 5.90 5 to 

5 9.30 8.20 7.30 7.00 

6 9.90 = -—— -- 

Form 1 3 al 25 lel 

ratio 2 2.4 De 2.8 Det 

3 3.5 226 DES SEO 

4 4.0 2.8 3.4 S40 

5 4.1 323 3.4 342 

6 329 —- - = —- 

Tunnel 1 wy) 41 -—— 28 

angle 2 Ry) — 50 51 
(@) 3 56 55 47 35 

4 ~- —- 56 46 

Wall 0 024 024 .024 024 

thickness 1 032 048 .032 040 

(mm) 2 040 056 048 048 

3 064 064 048 064 

4 088 104 .104 104 

5 .128 104 .088 128 

6 088 — _- — 

Pseudoschwagerina gerontica Dunbar and Skinner 

(Plate 6, figures 1-3) 

Pseudoschwagerina gerontica Dunbar and Skinner, Texas Univ. Bull. 3701, p. 660-662, 
pl. 51, figs. 1-6, 1937. 

Thompson, Kansas Univ. Paleont. Contr., Protozoa, art. 5, p. 76-77, pl. 50, fig. 7; 

pl. 52, figs. 7-10, 1954. 

Description. This species commonly attains a length of 11-12 mm and a diameter of 
6 to 6.5 mm within 6 volutions, making it the largest of the American species of Pseudo- 
schwagerina. In external form it is thickly fusiform, inflated in the middle, and pro- 
duced into stubby nubs at the poles. 
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The proloculus may be described as medium to large with, however, some variation in 

size, ranging from 240 to 380 microns. There are generally 3 and sometimes 4 whorls in 
the juvenarium. The whorls of the juvenarium are rather closely coiled with moderately 
thick walls and well-developed chomata; the chomata are restricted to the whorls of the 
juvenarium. There is a very rapid inflation of the whorls following the juvenarium, such 
that the change to a fully inflated form takes place in less than half a volution. The two 
post-juvenarium volutions are very high resulting in a subglobular profile; the last volu- 
tion declines notably in height and is usually disproportionately extended at the poles. 

The septa are closely spaced in the juvenarium, becoming more widely spaced in the 
succeeding two volutions and then more closely spaced again in the final volution. The 
amount of septal folding is similarly distributed; close folding in the juvenarium, loose 
folding in the succeeding two volutions, and close folding at the base again in the final 

TABLE 6 

MEASUREMENTS OF PSEUDOSCHWAGERINA 
GERONTICA 

YPM YPM YPM YPM 

Volution 22485 22487 22486 22589 

Radius 0 19 ail? mS 18 

vector 1 30 a> 25 30 

(mm) 2 55 40 .50 45 
3 .80 ne) .70 1.10 
4 2.10 1.70 175 2530 

5 3.00 2.55 fae ls) 3.00 
6 - 3°25 3.40 3.30 

Half 0 20 nls} 13 19 

length i) 40 40 40 40 
(mm) 2 80 .80 .60 .70 

3 1.50 1.30 1.20 1235 
4 3.70 Pe th) 3.80 2.60 

5 5.10 3.90 4.00 3.75 
6 — 5.40 5.10 4.60 

Form i 13 16 16 iS 

ratio 2 15 2.0 192 1.6 
3 1.9 hed ed 1ig2 

4 1.8 1.6 22 ies! 
5 ey 1.6 less 1.3 
6 —- ay) 15 1.4 

Tunnel 1 29 _- 19 16 

angle 2 29 18 22 32 
C) 3 41 19 — = 

4 - 21 — — 

Wall 0 041 024 041 .032 
thickness 1 024 040 .049 032 

(mm) 2 032 065 .049 041 
3 065 065 041 024 
4 065 065 .049 057 
5 130 113 089 097 
6 —- 138 .105 .097 
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volution where septal loops are present in a rather primitive form. Comparison of the 
Hueco Mountain material with a sample prepared from type material reveals that the 
latter rather persistently displays close folding in both the penultimate and ultimate 
volution. Septal pores are abundant throughout the inflated whorls. The wall is moder- 
ately thick, 40-65 microns, in the juvenarium, increasing to 90-100 microns in the in- 
flated whorls, reaching in the last whorl a thickness as great as 138 microns. 

Discussion. This species is distinguished by many of the same features as P. uddeni 
(Beede and Kniker)—size, small number and extreme height of volutions, abbreviated 
juvenarium, and the abrupt change from the latter to the inflated whorls. It is dis- 
tinguished from P. uddeni solely by its larger size, and in fact there are within the 
Hueco limestone several intermediate forms, whose assignment to either of the two 
species is completely arbitrary. It is a direct descendant of P. uddeni as shown by the 
similarity in form and by stratigraphic position; P. uddeni is characteristic of the Hueco 
Canyon formation and reappears in considerably fewer numbers in the Alacran Moun- 
tain formation, whereas P. gerontica is restricted to the latter. 

OccurRRENCE. Pseudoschwagerina gerontica is characteristic of, and restricted to, the 
Alacran Mountain formation (excluding the Deer Mountain member) in the Hueco 
Mountains, Texas. It is also present (type locality) in the Hueco limestone of the Frank- 
lin Mountains, Texas. 

Pseudoschwagerina texana Dunbar and Skinner 

(Plate 7, figures 1-4) 

Schwagerina fusulinoides Beede and Kniker [not Schellwien], Texas Univ. Bull. 2433, 
p: 19; pl. 1, fig. 4; pl. 7, figs. 1-3, 1924. 

Dunbar and Condra, Nebr. Geol. Survey Bull. 2, p. 121, pl. 14, figs. 2-5, 1927 [1928]. 
White, Texas Univ. Bull. 3211, p. 81, pl. 8, figs. 10-12, 1932. 

Pseudoschwagerina fusulinoides Needham, N. Mex. School Mines Bull. 14, p. 51-53, pl. 
8, fig. 11; pl. 9, figs. 1-4, 1937. 

Pseudoschwagerina texana Dunbar and Skinner, Texas Univ. Bull. 3701, p. 662-665, 
pl. 52, figs. 1-8; pl. 53, fig. 9, 1937. 

Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 1, p. 74-75, pl. 47; figs. 1-6; 

9-10; pl. 48, figs. 1, 3-7, 9-10; pl. 50, figs. 8-9, 1954. 
Pseudoschwagerina texana var. ultima Dunbar and Skinner, Texas Univ. Bull. 3701, 

p. 665-666, pl. 53, figs. 6-7, 10, 1937. 

DEscripTION. Commonly a somewhat evenly fusiform species of 5 or 6 volutions with 
some individuals having as many as 7; length ranges from 9 to 13 mm with an average 

of 10 mm; diameter ranges from 3.5 to 5.0 mm with an average of 4.0 mm. The lateral 
slopes taper regularly to rather sharp poles. 

The proloculus is commonly large with a fairly uniform diameter of 250 to 300 
microns with extremes of 200 to 400 microns. The juvenarium consists of 2 to 314 
volutions coiled rather closely as in Triticites. Generally there is an abrupt change in the 
rate of increase of radius of curvature in the spiral curve of growth upon completion of 
the juvenarium. This is followed by volutions of fairly constant height with a slight de- 
cline in the height of the last volution. The change, however, is not quite so abrupt or 
so extreme as in P. uddeni (Beede and Kniker) and in fact within a suite of 25 axial 
sections of topotype material, there exists a gradational series of forms with distinct 
Juvenaria to those in which the juvenaria can be distinguished only by the chomata. The 
antetheca increases in height from the middle to the ends and the ratio of length to 
diameter as well as axial profile change only slightly during growth, with a form ratio of 
2.5 to 3.0 at maturity. 

The wall is somewhat thicker than in P. uddeni (Beede and Kniker), showing a con- 
sistent increase from 80 to 140 microns in the outer whorls with the last whor] decreasing 
to 110 microns. The septa are rather strongly folded near their basal margin although 
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TABLE 7 

MEASUREMENTS OF PSEUDOSCHWAGERINA TEXANA 

YPM YPM YPM YPM 
Volution 22491 22490 22489 22488 

Radius 0 .14 13 ‘12 .14 
vector 1 25 .40 O95) .40 

(mm) 2 40 .60 45 65 
S 70 85 10 1.00 
4 1.10 11235 1220 1.60 
5 1.60 1.80 1.80 2.10 

6 2.00 2225 DAS 2.40 

Half 0 16 .14 12 15 
length 1 50 40 40 .50 
(mm) 2 .90 .90 .80 1.10 

3 1.70 1.45 1550 2.50 
4 2.60 2.80 2.20 4.00 

5 3.60 3.80 3.10 520 

6 4.60 4.50 4.90 5.80 

Form 1 2.0 1.0 1:6 1? 
ratio 2 Dd dy 1.8 Lay 

3 2.4 Les7 2a 235 
4 2.4 WD 1<8 Dies 
5 22. at IES 25 
6 23 20 2.3 2.4 

Tunnel 1 19 31 19 DD, 

angle 2 27 19 28 23 

C) 
0 .032 .016 .032 .024 

Wall 1 .024 .040 .032 .040 
thickness 2 .032 .056 .064 .072 

(mm) 3 .056 .072 .080 .088 

4 .088 .096 .088 .120 
5 .096 .128 .136 .144 
6 .120 .128 Bit? 2 

not always regularly so; opposed folds do not commonly meet. Septal loops are common 
in axial sections but their abundance is influenced by the position of the slice in the 
chambers. Septal pores are abundant in all the inflated whorls. The tunnel is very diffi- 
cult to distinguish in thin sections because chomata are limited to the juvenarium. 

Discussion. Intensive examination of this species, through restudy of topotype mate- 
rial and study of samples widespread both laterally and vertically within the Hueco 
limestone of the Hueco Mountains has served only to reaffirm the observations of the 
authors of the species: “This species displays considerable variation in its proportions 
and in the distinctness with which its juvenarium is set off by the inflation of the post- 
nepionic whorls. On the one hand there are shells relatively shorter and thicker than the 
types, which grade toward P. wddeni, and on the other hand there are some that are not 
easily separated from Schwagerina huecoensis.” It is herein distinguished from Pseudo- 
schwagerina uddeni (Beede and Kniker), P. tumidosus Ross, P. roeseleri Thompson and 
Hazzard, P. robusta (Meck), P. morsei Needham, and P. arta Thompson by virtue of 
being more slender and elongate and in the possession of more strongly folded septa; 
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from Schwagerina huecoensis (Dunbar and Skinner) by the possession of well developed 
chomata in the juvenarium and, generally, an abrupt increase in the height of the 
whorls after about 2 to 3% volutions. It differs from P. beedei Dunbar and Skinner and 
P. uber ‘Thompson and Hazzard by its more elongate, larger shell and more intensely 
folded septa. 

OccurRENCE. Pseudoschwagerina texana is found in both the Hueco Canyon and 
Alacran Mountain formations of the Hueco Mountains. It has been reported from the 
upper part of the Neal Ranch formation in the Wolf Camp Hills and in the Lenox 
Hills formation in the western Glass Mountains (Ross, 1959a, p. 413). Additional reports 

of the occurrence of P. texana include the Hueco limestone of the Franklin Mountains 
and the Sierra Diablo, Texas (Dunbar and Skinner, 1937); the Hueco limestone of Ash 

Canyon and Robledo Mountains, New Mexico (Thompson, 1954); the Gouldbusk lime- 

stone of north-central Texas and the Florence limestone of Kansas (Thompson, 1954). 

Pseudoschwagerina uddeni (Beede and Kniker) 

(Plate 8, figures 1-3) 

Schwagerina uddeni Beede and Kniker, Texas Univ. Bull. 2433, p. 27, pl. 1, figs. 1-2, 
4-7, 1924. 

Dunbar and Condra, Nebr. Geol. Survey Bull. 2, p. 119, pl. 8, figs. 1-3, 1927 [1928]. 

[not] White, Texas Univ. Bull. 3211, p. 83, pl. 8, figs. 16-18, 1932. 
Pseudoschwagerina uddeni Dunbar and Skinner, Jour. Paleontology, v. 10, p. 89, pl. 11, 

figs. 6-7, 1936. 
Needham, N. Mex. School Mines Bull. 14, p. 54-56, pl. 9, fig. 5, [not pl. 10, figs. 1-4], 

1937. 

Dunbar and Skinner, Texas Univ. Bull. 3701, p. 658-660, pl. 50, figs. 1-10; pl. 53, fig. 

8, 1937. 

Dunbar and Newell, Am. Jour. Sci., v. 244, p. 475, pl. 7, figs. 1-5; pl. 12, fig. 8, 1946. 

Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 1, pl. 11, figs. 7, 10, 1948. 

Roberts, Geol. Soc. Am. Mem. 58, p. 208, pl. 40, figs. 1-2, 1953. 

Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 5, pl. 43, figs. 11-15; pl. 50, fig. 

6, 1954. 

Description. A very large and extremely ventricose species of 5 to 6 volutions, 
reaching a length of 10.0 mm and a thickness of 6.5 mm at maturity. The average of 
specimens collected is slightly smaller. The form is not truly subspherical at any stage 
of growth for the poles are normally extended slightly to subacutely rounded apices. 

The size of the proloculus varies from 260 to 360 microns. The juvenarium consists 
normally of about 2% relatively closely coiled volutions; it is rather thickly fusiform, 
with a length of about 1% times the diameter. At the close of the juvenile stage the 
volution increases very rapidly in height and the change to the fully inflated form takes 
place in less than half a volution. The next two volutions are very high, but the height 
of the last volution declines again. The wall is rather thin in all but the final whorl 
where it thickens suddenly to about 115 microns. 

The septa show very little folding except for those of the final whorl. In the penulti- 
mate and earlier whorls, the septa are frequently cut in axial sections but not as septal 
loops. Septal loops are present in a rather primitive form in the last whorl; the folding 
is confined to the base of the septa. Septal pores are abundant throughout the inflated 
whorls. 

Narrow but well-developed chomata are present in the whorls of the juvenarium where 
they define a narrow tunnel. However, the chomata are completely lacking in the 
inflated whorls and the tunnel cannot be distinguished in axial sections. It was equally 
difficult to discern tunnel limits in polished half sections. Such measurements as were 
made suggested tunnel angles of 65° for the outer volutions. 

Discussion. The type material for this species came from Hueco Canyon, Hueco 
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TABLE 8 

MEASUREMENTS OF PSEUDOSCHWAGERINA UDDENI 

YPM YPM YPM YPM 
Volution 22492 22494 22493 22590 

Radius 0 by 13 .18 18 

vector 1 36 25 45 30 

(mm) 2 50 40 1.10 50 

33 1.65 1.10 2 355 1270 

4 2.80 2.20 3.40 2.95 

5 $225 3.10 ~- 3.40 

6 — 3.60 — = 

Half 0 ly aa .19 Ag 

length 1 40 .30 .50 35 

(mm) 2 1220 255 1230 85 

3 2230 1.90 2.30 2.30 

4 3.30 3.00 3.50 3.59 

5 4.40 4.25 — 5.05 

Form 1 al ite? is lie 

ratio 2 DA 1.4 12 ay 

3) 1.4 lead, 9 1.4 

4 152 1.4 1.0 i ae 

5 1.4 1.4 — 125 

Tunnel 1 26 23 46 31 

angle 2 -- 49 -= 52 

(°) 3 =F a — i 
4 pe ve Bae - th 

Wall 0 .032 032 .040 024 

thickness 1 032 032 048 056 

(mm) 2 048 048 032 056 

3 040 032 032 032 

4 .080 .048 .104 .048 

5 lie! .088 — may 

6 -- .120 —- — 

Mountains, Texas. I am satisfied that I accurately relocated the stratum from which 
Beede and Kniker’s specimens were collected, and my description of the species is based 
on a sample of 20 axial sections of specimens from that unit. As diagnosed by Dunbar 
and Skinner (1937, p. 659) this species is distinguished by its size, the small number and 
extreme height of its volutions, the abbreviated juvenarium, and the abrupt change from 
the latter to the inflated whorls. Pseudoschwagerina uddent is similar to and gradationally 
intermediate between P. beedei Dunbar and Skinner and P. gerontica Dunbar and 
Skinner; it is distinguished from these species largely on size and the possession of stubby 
knobs at the poles; forms at the extremes of the range of variation in populations of 
these two species cannot be clearly differentiated. Other species resembling P. uddeni 
are: P. texana Dunbar and Skinner—more slender and elongate, and the septa are more 
strongly folded; P. robusta (Meek) emend, ‘Thompson and Wheeler—possess a greater 
number of volutions at maturity, and with a corresponding number of volutions is 
slightly smaller; P. roesleri Thompson and Hazzard—larger juvenarium, different septal 
count, and large form ratio. 
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OccurRENCE. In the Hueco Mountains, Texas, this species is found through most of 
the Hueco Canyon formation except for the basal Powwow member; it is absent in the 
Cerro Alto limestone but reappears in the overlying Alacran Mountain formation in 
greatly reduced numbers. It has been reported from the Neal Ranch formation in the 
Wolf Camp Hills and at the base of Lenox Hills in the Glass Mountains, Texas (Ross, 
1959a, p. 421). Additional occurrences include the Permian in eastern Sutton County, 
central Texas, and from the lower part of the Florence flint near Silverdale, Kansas 
(Dunbar and Skinner, 1937); the Permian of the central Andes (Dunbar and Newell, 
1946); the Copacabana group of Peru (Roberts, 1953). 

Genus SCHUBERTELLA Staff and Wedekind, 1910 

Schubertella kingi Dunbar and Skinner 
(Plate 9, figures 1-5) 

Schubertella kingi Dunbar and Skinner, Texas Univ. Bull. 3701, p. 610-611, pl. 45, figs. 
10-15, 1937. 

Thompson and Wheeler, Geol. Soc. Am. Mem. 17, p. 24-25, pl. 8, figs. 6-10, 1946. 
Thompson and Hazzard, Geol. Soc. Am. Mem. 17, p. 40-46, pl. 10, figs. 1-9, 1946. 

DEscrIPTION. This is a very small species with a maximum length of only 1.4 mm at 
maturity. Adult specimens consist of 5 or 6 volutions and are elongate to thickly fusi- 
form with bluntly rounded poles. 

The proloculus is extremely small, ranging from 20 to 30 microns in diameter, with a 
maximum of 35 microns. The endothyroid juvenarium consists of 1 to 2 volutions and 
is rather well defined. The whorls in the juvenarium are narrow and coiled at right 
angles to the adult whorls. 

Narrow, prominent chomata are characteristic of the outer whorls but appear to be 
completely lacking in the first volution. The well-developed chomata serve to delimit 
sharply the tunnel, and the tunnel angle increases from 20° to 30° in the second volution 
to 50° at maturity. 

The wall is quite thin and consists of a tectum and diaphanotheca. It is 3 to 4 
microns thick in the early whorls and rarely exceeds 20 microns at maturity. The septa 
are extremely plane and consequently no septal loops appear in axial sections. 

Discussion. Schubertella kingi is characterized by its extremely small size, thin walls, 
and endothyroid juvenarium. It differs from S$. melonica Dunbar and Skinner in being 
larger and thinner, and in having a more fully developed juvenarium; from S. muel- 

lerriedi Thompson and Miller in being smaller, with a less ellipsoidal outline. 
OccurrENCE. Schubertella kingi was originally described from the Hueco Canyon 

formation in the Hueco Mountains, specifically from the Juan Peak section. The species 
is widespread both geographically and stratigraphically in the Wolfcampian of North 
America, having been recognized from rocks of this age in California, New Mexico, 
Kansas, Nebraska, Utah and north-central Texas (Thompson, 1954, p. 33). 
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TABLE 9 

MEASUREMENTS OF SCHUBERTELLA KINGI 

YPM YPM YPM YPM 
Volution 22495 22496 22497 22498 

Radius 0 O17 .009 - O18 

vector 1 .037 .037 .028 .024 
(mm) 2 .063 .064 .055 .037 

3 .096 . 100 .083 .064 
4 .147 .156 .138 .103 
5 .250 .193 .276 .164 

6 _- a = . 200 

Half 0 .013 013 = .018 
length 1 .046 055 .028 033 

(mm) 2 083 092 .064 061 
3 .193 147 120 100 
4 .350 330 248 220 

5 .690 710 .460 .405 
6 — — — .520 

Form 1 2 ie 1.0 1.4 

ratio 2 ies hee te 1.6 
3 ZA) eS 1.4 116 
4 2.4 Deal 1.8 7, 

5 2.8 Shall i beer 25 
6 _- — “= 236 

Tunnel i! ~- — = -- 

angle 2 22, 26 20 30 
(?) 3 a2 2. 35 35 

4 60 53 52 40 
S — — — 42 

Wall ) 004 .003 -— 003 
thickness 1 -= .003 .004 = 

(mm) ) .007 .003 008 -- 
3 014 005 009 .009 

4 .016 007 O11 014 
5 .018 009 018 .018 
6 — — — .018 

Genus SCHWAGERINA Moller, 1877 

Schwagerina bellula Dunbar and Skinner 

(Plate 10, figures 1-6) 

Schwagerina bellula Dunbar and Skinner, ‘Texas Univ. Bull. 3701, p. 643-644, pl. 63, figs. 
8-18, 1937. 

Description. ‘This species was originally described as “a small fusiform species with 
neatly pointed ends and evenly convex lateral slopes attaining a length of 6 to 7.5 mm 
and a diameter of about 3 mm.” However, a sample based on about 25 thin sections 
disclosed a somewhat greater range in size for a comparable number of volutions; it has 
a length of 7 to 9.5 mm and a diameter of 3 to 4 mm at a size of 7 to 8 volutions. 
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The proloculus is extremely small, seldom exceeding 140 microns in diameter. The 
inner whorls are low, tightly-coiled, and very thin-walled (generally about 16 microns); 
following this there is a rapid but gradual increase in the height of the succeeding 
volutions, producing rather high chambers at maturity. The height of the chambers is 
relatively constant from the middle of the shell to the poles, resulting in a fairly stable 
form ratio in the mature portion of the shell. The inner whorls are slightly more tumid 

TABLE 10 

MEASUREMENTS OF SCHWAGERINA BELLULA 

YPM YPM YPM YPM 
Volution 22501 22503 22502 22504 

Radius 0 .06 .06 02 07 
vector 1 .10 .10 .07 15 

(mm) 2 15 .20 .09 20 
3 i) 35 16 35 
4 45 .60 25 60 
5 13 1.00 50 95 
6 1.20 1.30 85 1.40 
7 1.70 1.70 1.20 — 

Half 0 .06 107 03 07 
length 1 a15 iS .06 20 
(mm) 2 .30 .30 51s) 40 

3 55 70 235 70 
4 95 1.60 #55 1.10 
5 1.65 2.20 12225 1.80 

6 2.50 3.30 1595 3.00 
(f 4.10 oa 3.00 — 

Form 1 15 105 0.8 eS) 
ratio 2 2.0 15 ibe 7 Da 

3 Dy) IPA) Da, 220 

4 Zl Dey, 29 1.8 
5 Dep, Dey) IBS 1.9 
6 21 DES 23 Dat 

fl 2.4 _ 225 — 

Tunnel 1 23 Dili 21 23 

angle 2 19 31 22 28 
(°) 3 20 se 35 24 

4 30 — 30 24 

5 DD, — 335 29 

6 35 — Sil 24 

a a — Sy) — 

Wall 0 .016 016 008 .024 

thickness il .016 016 .008 .016 
(mm) 2 .016 .016 008 .016 

3 .024 O40 .016 .040 

4 036 056 040 .040 
5 064 2072 048 .096 
6 080 .096 .080 .120 
7 088 — alley, — 
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with a form ratio of 1.5 which increases to about 2.5 at maturity. The wall thickness 
increases gradually from 16 microns in the first volution to 110 to 120 microns in the 
last. The tectum and keriotheca are well defined. 

The septal folds are strong, regular and high, showing in axial section as septal loops 
which are high, narrow and closely crowded. Chomata are completely lacking. 

Discuss1on. This species is characterized by its small proloculus, evenly elliptical 
profile, low and thin-walled early whorls contrasting with thicker evenly convex outer 
volutions, and intense high folding of the septa. It can be distinguished from Para- 
schwagerina gigantea (White) by its smaller size and more gradual expansion; from S. 
diversiformis Dunbar and Skinner by its smaller proloculus, less pronounced development 
of axial filling, blunter polar extremities, and somewhat different profile; from S. 
emaciata (Beede) by its larger size, tightly coiled inner whorls, evenly elliptical profile, 
and stronger, higher and more regular septal loops; from S. compacta (White) by its less 
marked development of axial filling and less pronouncedly spindle-shaped profile; from 
S. aculeata Thompson and Hazzard by more tightly coiled inner whorls and a consist- 
ently smaller proloculus; from S$. munaniensis Dunbar and Newell by its larger size, 
thicker wall and limited development of axial filling. It differs from S. fax Thompson 
and Wheeler only in being somewhat less inflated; I suspect that S. fax is but a geographic 
subspecies. 

In a supplementary note appended to the paper containing the original description 
of the species, Skinner (in Dunbar and Skinner, 1937, p. 699), one of the authors of S. 
bellula, wrote that S. bellula was a synonym of a recently described species, S. thompsoni 
Needham. Comparison of a sample prepared from topotype material of S. thompsoni 
with a similar sample of S. bellula indicates that Skinner was in error. S. bellula can be 
readily distinguished from S. thompsoni by its evenly elliptical profile, smaller prolo- 
culus, high and intense septal folding, and moderate amounts of axial filling. 

OccurRENCE. Schwagerina bellula was originally described from, is characteristic of, 

and restricted to the Hueco Canyon formation in the Hueco Mountains of Texas and 
New Mexico. It is reported from the lower Lenox Hills formation at Leonard Mountain 
and in the Hess ranch horst (Ross, 1959a, p. 328). 

Schwagerina crassitectoria Dunbar and Skinner 

(Plate 11, figures 1-7) 

Schwagerina crassitectoria Dunbar and Skinner, Texas Univ. Bull. 3701, p. 641, pl. 65, 
figs. 1-15, 1937. 

Ross, Cushman Lab. Foram. Research Contr., v. 11, pt. 4, p. 123, pl. 17, figs. 1-9, 
1960. 

Description. This fusiform species is generally small. The largest specimen in my 
collections attains a length of 8.5 mm and a diameter of 3.0 mm in seven volutions and 
the average size is 6.0-7.0 mm in length, 2.0-2.5 mm in diameter and consists of six 
volutions. 

The proloculus is of small to moderate size, ranging from 14 to 26 microns. The 
first volution is low and thin-walled, followed by progressive expansion in the succeeding 
whorls. The form ratio is generally near 2.5 and fails to change appreciably during 
growth following the second volution. The axial profile as seen in thin section approxi- 
mates that of an ellipse although the arcs are usually slightly flattened in the central 
region; the poles are nearly rounded. The authors of the species noted a rough and 
irregular surface on many of the cotypes, attributing it to inequalities in the height and 
size of successive meridional chambers. Such irregularities could have been produced 
by minor crushing of the outer volutions. Thin sections of material from the Hueco 
Mountains, which were all prepared from fusulinids in a solid limestone matrix, failed 
to display this irregularity. 

The septa are strongly folded and the folds extend across the entire chamber. These 
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high and regular folds, closely spaced and displaying rounded crests in axial sections, 
touch at the basal margins of the septa to subdivide the lower part of the meridional 
chambers into cell-like chamberlets. In the lateral portions of the shell the folds overlap 
each other. 

The wall is thin in the proloculus (8 microns) and in the first two volutions (16 
microns). It increases in the succeeding whorls to a maximum of 64 microns at maturity. 
It consists of a tectum and well-defined keriotheca. 

TABLET 

MEASUREMENTS OF SCHWAGERINA CRASSITECTORIA 

YPM YPM YPM YPM 
Volution 22507 22508 22509 22510 

Radius 0 3 .09 .07 .09 
vector i! .22 22 .14 aly) 
(mm) 2 a35 .30 24 9 

3 .50 .50 40 45 
4 .70 a5 .65 .65 
5 .95 1.00 .90 .90 
6 1.30 1.30 1.20 ea lG 
7 150 —— — — 

Half 0 .14 .10 .08 .09 
length 1 29 52 .29 132 
(mm) 2 60 .90 60 70 

3 1.00 1.30 90 1.00 
4 1.60 2.30 1.40 1.80 
5 2.20 2-40 1.90 2.90 
6 3.30 3.40 2.90 3.70 
7 4.10 — — — 

Form 1 lied 2.4 2A 1.9 
ratio 2 1 ee | 3.0 2:5 2.4 

3 2.0 2.6 Des Ze2 
4 De Sat Dig Ds 2.8 
5 23 Del Deh 3.2 
6 25 2.6 2.4 Sia 
7 Dei — — _- 

Tunnel 1 30 50 35 38 

angle 2 23 42 40 34 
() 3 20 29 40 5) 

4 zit 32 42 40 
5 39 50 — — 
6 45 —- — — 

Wall 024 .008 .016 .016 
thickness 016 .016 .008 .016 

(mm) 016 .016 .016 .024 

TAM PWNFR CO 

wo ne) ° Oo DO ro) oO Ne) ro) a =) 
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The tunnel angle is about 30° in the early whorls and increases irregularly in 
succeeding volutions to reach 50° at maturity. Chomata are not present but there is a 
conspicuous secondary deposit in a broad zone bordering the tunnel. This filling occupies 
the axial zone to the poles and is concentrated in the middle half of the shell. False inner 
walls (phrenothecae of Thompson, 1948, p. 15) appear sporadically among specimens 
from the Hueco Mountains. 

Discussion. Schwagerina crassitectoria is characterized by a thick fusiform shape, thin 
walls in the early whorls, high and regular septal folds, and the possession of limited 
axial deposits distributed in a more or less distinctive pattern. Ross (1959a, p. 335) noted 

that S. crassitectoria and S$. guembeli Dunbar and Skinner are closely related and that 
gradational forms are commonly found in the lower part of the Leonard formation; he 
separated S. crassitectoria arbitrarily on the basis of a larger form ratio and less pro- 
nounced axial fillings. 

OccuRRENCE. Schwagerina crassitectoria has only been found at one locality (meas- 
ured section 6, bed 9) in the upper Alacran Mountain formation in the Hueco Moun- 
tains, Texas, where it is associated with S. franklinensis Dunbar and Skinner. According 
to Ross (1959a; 1960) it occurs in the lower part of the Leonard formation (where, in 
conjunction with S. guembelt, it composes the lowest zone of the Hess member) and in 
the upper Lenox Hills formation throughout the eastern Glass Mountains. 

Schwagerina davisi, n. sp. 

(Plate 12, figures 1-5) 

Description. This elongate species consists of 7 volutions, with a length of 11 mm 
and a diameter of 3.5 mm. The lateral slopes are usually gently convex but are occasion- 
ally concave; the ends are only slightly pointed. 

The proloculus is thin-walled and small, with an average diameter of 200 microns. 
The early whorls are thin-walled, ranging in thickness from 16 to 24 microns. Beginning 
with the fourth whorl, wall thickness increases steadily to maximum of 80 to 100 microns 
in the late volutions. The wall consists of a tectum and well-defined keriotheca. 

The shell expands gradually through the first three volutions and rapidly thereafter. 
The form ratio increases irregularly from about 2.0 to a maximum of 3.0 at maturity. The 
task of measuring the half length is complicated by the presence of axial filling; it is 
difficult to recognize consistently the ends of the volutions. This probably explains the 
lack of regularity in the increase in form ratios. The height of the chambers is rather 
constant across the middle third of the shell but increases somewhat toward the ends. 

The septal folds are strong, high and slightly irregular. The spacing of the septa is 
moderately close with a total of 10 chambers in the first volution increasing to 37 in the 
seventh volution. Phrenothecae are common in all whorls. A moderate amount of axial 
filling is common, although the quantity is variable. 

The tunnel is narrow, the tunnel angle commonly measuring between 25° and 30°. 
No trace of chomata can be seen. 

This species is named in honor of Mr. J. R. Davis, owner of the Davis Ranch 
(formerly Escontrias Ranch) in appreciation of the many courtesies extended to the 
writer. 

Discussion. Schwagerina davisi is characterized by its size, sub-elliptical profile and 
irregular septal folds. It most closely resembles S. aculeata Thompson and Hazzard but 
has a less uniform profile, blunter ends and more loosely coiled volutions at maturity. 
It can be distinguished from S. eolata Thompson by its larger size, smaller proloculus, 
more rapid expansion after the first three volutions and greater irregularity of septal 
folds; from S. pugunculus Ross by a less evenly elliptical profile, blunter ends and 
greater irregularity of septal folds; from S$. andresensis ‘Thompson by a more elongate 
shape, basal septal folding and heavier axial filling; and from S. bellula Dunbar and 
Skinner by a less evenly elliptical profile, blunter ends, weaker and less regular septal 
folding, and thinner walls. 
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TABLE, 12 

MEASUREMENTS OF SCHWAGERINA DAVISI 

YPM YPM YPM YPM 
Volution 22514 22515 22516 22518 

Radius 0 .09 .05 .08 .07 
vector 1 .14 .09 .16 atti 

(mm) 2 2 15 26 18 
3 34 24 45 .26 
4 ei 47 .65 44 
5 .95 a5 1.00 .70 
6 1235 1.05 1.50 1.10 
7 1.70 1.50 15 1.40 

Half 0 sil) .06 .10 .08 
length 1 .20 18 40 .20 
(mm) 2 56 38 .80 44 

3 90 64 1.20 .80 
4 1.40 1.30 1.80 1.30 
5 2.20 1.90 2.70 1.80 
6 3.40 3.30 4.20 2.60 

7 4.80 4.20 5. 70 3.80 

Form 1 1.4 2.0 25 1.8 
ratio 2 Dei 2:5 5 1a | 2.4 

3 2.6 2.8 Dicaf | Sel 

4 Zs5 2.8 2.8 3.0 
5 223 2.5 24 2.6 
6 25 Sl 2.8 223 
if 2.8 2.8 3.3 27 

Tunnel 1 30 24 38 30 
angle 2 32 24 25 25 

(>) 3 25 31 25 Zi 
4 26 31 Di 26 
5 24 25 24 25 
6 26 25 34 21 

Wall 016 016 .024 016 

thickness 016 024 .024 008 
(mm) 016 024 024 016 

STAMP WN HO 

(=) nN rs (=) ns [o,e) (=| rw oo (=) ng =) 
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Schwagerina diversiformis Dunbar and Skinner 

(Plate 13, figures 1-4) 

Schwagerina diversiformis Dunbar and Skinner, Texas Univ. Bull. 3701, p. 647-648, pl. 
60, figs. 1-7, 1937. 

Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 5, p. 66-67, pl. 37, figs. 1-5, 

1954. 

DescriPTIon. The shell is large, fusiform, and consists of from 8 to 9 volutions. It 

attains a length of 15-16 mm and a diameter of 4.5 mm. This species is characterized by 
a very distinctive profile in axial section—a straight axis of coiling with sharply pointed 
poles in the inner volutions and bluntly rounded poles at maturity. The central part is 
essentially cylindrical but the end regions have steep lateral slopes, giving a profile 
which Dunbar and Skinner (1937) have aptly compared to a “short, thick, sharply 
pointed shuttle.’’ Whereas in the early whorls the antetheca is nearly uniform in height 
from pole to pole, in the later volutions the ends of the shell are rapidly elongated and 
the form ratio increases to anywhere from 3.1 to 3.8. The trivial name alludes to the 
difference in form in successive growth stages produced by this pronounced ontogenetic 
change. Moderate to heavy amounts of axial fillings are common and constitute one of 
the most distinctive features of this species; frequently the distribution of axial deposits 
conforms to the “‘shuttle” formed by the inner whorls. 

The proloculus is moderately large, ranging commonly between 240 and 380 microns; 
it is subspherical and has a relatively thick wall. The shell expands slowly and essentially 
uniformly. ‘The wall increases gradually in thickness from about 25 microns in the first 
volution to 120 in the penultimate whorl, decreasing to about 100 microns in the last 
whorl. It consists of a well-defined tectum and keriotheca. 

The septa are narrowly and highly folded throughout the length of the shell; folds 
reach to the top of the chamber and opposed folds of adjacent septa meet to subdivide 
the meridional chambers into cell-like chamberlets. However cuniculi are absent. The 
tunnel] is narrow, the tunnel angle commonly measuring between 25° and 35°. Chomata 
are missing. False inner walls (phrenothecae of Thompson, 1948, p. 15) appear sporad- 
ically among specimens from the Hueco Mountains. 

Discussion. Schwagerina diversiformis, one of the largest forms of the genus, is 
characterized by its large size, intensely folded septa, secondary deposits in the end zone 
of the immature whorls, and a remarkable change in shape during development, i.e. a 
strong, thick, shuttle-shaped profile in the inner whorls followed by whorls which are 
disproportionately elongated at the poles, developing bluntly rounded and extended 
ends. It can be distinguished from S. youngquisti Thompson and Hansen by its more 
inflated shell, small proloculus, more tightly coiled inner volutions, more nearly cylindri- 
cal central regions, narrower tunnel and more bluntly pointed poles in the outer volu- 
tions; from S$. knighti Dunbar and Skinner by its generally larger proloculus, distribution 
of secondary deposits and distinctive profile in axial section; from S$. eolata Thompson 
and S$. neolata ‘Thompson again by its distinctive profile in axial section and also by 
its larger size. 

OccurRENCE. Schwagerina diversiformis was originally described from the Hueco 
limestone of the Franklin Mountains, Texas. It is characteristic of and restricted to the 
Alacran Mountain formation in the Hueco Mountains, Texas. It has also been reported 
from upper Neal Ranch strata at Gap Tank, the Lenox Hills formation, and the lower 

part of the Leonard limestone in the western Glass Mountains, Texas (Ross, 1959a, p: 

347). 
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TABLE 13 

MEASUREMENTS OF SCHWAGERINA DIVERSIFORMIS 

55 

YPM YPM YPM YPM 
Volution 22519 22520 22524 22522 

Radius 0 .10 .14 my) .16 

vector 1 sly .18 .30 e222 
(mm) 2 .28 .30 45 45 

3 45 .50 .70 .70 
4 .65 .80 .90 1.00 
5 .95 1.10 1.20 1.35 
6 1.30 1.40 1.60 eg) 
a 1.70 1.80 2.00 2.10 
8 205 2.20 2.20 2.30 

Half 0 +12 14 .19 .18 
length 1 1o2 48 .60 48 
(mm) 2 60 5S) .90 .60 

3 1.00 1.10 1.30 1.10 
4 1.20 1.50 2.00 1.90 

5 70 2.00 3.00 2.60 
6 2.80 2.60 3.90 3.70 
7 4.20 3.50 5.40 5.90 
8 6.30 5.30 6.80 8.80 

Form 1 129 Dh 2.0 2.2 

ratio 2 peal 2-5 2-0 1-3 

3 22 2.2 1.9 126 
4 1.8 1.9 22, 1.9 
5 1.8 1.8 Des 1.9 
6 Deo 1.9 2.4 Dell 
if 25 1.9 Dh ff Pipes) 

8 Syn il 2.4 Soll 3.8 

Tunnel il 39 26 — Sy 

angle 2 45 29 26 30 

@) 3 — 28 25 25 
4 32 Di 21 25 
5 24 20 23 27 
6 21 D2 34 21 

a 31 34 = —_ 

Wall 0 .016 .032 .024 .040 

thickness 1 .016 .008 .024 .024 

(mm) 2 .024 .024 .024 .032 

3 .032 .048 .032 .040 

4 .032 .040 .032 .048 

5 .056 .048 .080 .088 

6 .008 .096 .096 sult, 

7 .104 .120 .096 .120 

8 .072 .096 .048 .088 
BR ee eee eee 
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Schwagerina emaciata (Beede) 

(Plate 14, figures 1-6) 

Fusulina emaciata Beede, Ind. Univ. Studies, v. 3, no. 29, p. 14, 1916. 

Dunbar and Condra, Nebr. Geol. Survey Bull. 2, 2nd ser., p. 116-117, pl. 10, figs. 1-3, 

1927 [1928]. 
Triticites emaciata White, Texas Univ. Bull. 3211, p. 44-45, pl. 3, figs. 4-6, 1932. 

Schwagerina emaciata Dunbar and Skinner, Texas Univ. Bull. 3701, p. 633-635, figs. 1-12, 

1937. 
[part] Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 5, p. 55-56, 1954. 

[part] Schwagerina emaciata jarillaensis Needham, N. Mex. School Mines Bull. 14, p. 
47-49, pl. 7, fig. 10; pl. 8, figs. 1-4, 1937. 

[not] Schwagerina emaciata Needham, N. Mex. School Mines Bull. 14, p. 46-47, pl. 7, 
figs. 7-9, 1937. 

DescriPTION. A small elongate species of 6 or 7 volutions, ranging in length from 6 to 7 
mm and in thickness from 1.5 to 1.9 mm. The ends are neatly pointed in the early 
whorls; in some forms they are blunter in the later whorls whereas in others they are 
more or less pointed at maturity. 

The proloculus is small, normally between 100 and 120 microns; and the whorls are 

rather closely coiled. The shell increases in size uniformly; form ratios generally increase 
steadily, averaging less than 2.0 in the early volutions and generally exceeding 3.0 at 
maturity. Each chamber is about uniform in height across the middle of the shell but 
increases in height irregularly toward the poles. ‘The wall is thin, attaining a maximum 
of 55 or 65 microns in the sixth or seventh whorls. It consists of a thin tectum and a well- 
defined keriotheca. 

The septa are strongly and more or less regularly folded; septal loops are common 
but are not always regularly distributed especially toward the poles. Chomata are lacking, 
making the tunnel] difficult to delimit in the outer whorls. The tunnel angle is between 
20° and 30° in the early whorls and gradually increases to about 45°. 

Discussion. Schwagerina emaciata is one of the earliest and most primitive forms of 
the genus, and is distinguished by its small size, elongate fusiform shape, small proloculus, 

thin walls, strongly but slightly irregularly folded septa, lack of chomata, and regular rate 
of coiling. It is similar to S. gracilitatis Dunbar and Skinner but is much smaller both 
at corresponding whorls and at maturity; the lateral slopes are also more evenly elliptical. 
S. emaciata differs from S$. grandensis Thompson in the possession of a smaller proloculus, 
absence of chomata and lack of an inflated central region; from S. colemani ‘Thompson 
in that it has a less inflated shell, thinner walls, and gentler, less uniform lateral slopes; 
from S. providens Thompson and Hazzard by its smaller and more tightly coiled shell; 
and from S. thompsoni Needham by its larger size for a given number of volutions and 

thinner walls. 
OccurRRENCE. Schwagerina emaciata is characteristic of and restricted to the Hueco 

Canyon formation in the Hueco Mountains of Texas and New Mexico. It is reported 
from the Neal Ranch formation in the Wolf Camp Hills and at the base of the Lenox 
Hills formation in the Glass Mountains, Texas (Ross, 1959a, p. 351). Additional occur- 
rences include the Hueco limestone of the Sierra Diablo, ‘Texas (Dunbar and Skinner, 
1937); the Bursum formation, Oscura Mountains, New Mexico (Thompson, 1954); the 

Florena shale and Cottonwood limestone throughout Nebraska, Kansas, and northern 
Oklahoma (Thompson, 1954); and the Coleman Junction limestone of north-central 
Texas (Dunbar and Skinner, 1937). This species is frequently associated with Schu- 
bertella kingi; the combination occurs in the Hueco limestone of both the Hueco Moun- 
tains and Sierra Diablo, the Florena and Cottonwood, and the Coleman Junction. 
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TABLE 14 

MEASUREMENTS OF SCHWAGERINA EMACIATA 

YPM YPM YPM YPM 
Volution 22525 Pape Rs) 22526 22527 

Radius 0 .04 .05 .05 .06 
vector il 07 .09 .06 .14 
(mm) 2 .10 “15 Ala 24 

3 .20 26 .16 ay) 
4 .30 41 325, .59 
5 .50 751 45 .80 
6 ayib) .78 .65 — 
7 _ = .80 — 

Half 0 .05 .06 .06 .06 
length 1 .07 14 stil .18 
(mm) 2 aS .40 .18 56 

3 ws) 68 .30 90 
4 .60 1.00 .60 1.80 
5 115 1.70 1.00 2.80 
6 2.65 230 1.60 -- 
al -— —- 2.60 —- 

Form il 1.0 1.6 1.8 13 
ratio 2 5 pa | 1.6 2:3 

3 ihe8) 250 1.9 2.4 
4 dS 2.4 2.4 3.0 
5 Dies 323 22 385 
6 Sho 3.0 2.5 _ 
7 —— =. Sig 74 — 

Tunnel 1 25 18 22 25 
angle 2 eH | 27 24 29 

C) 3 29 29 20 Si 
4 42 44 30 46 
5 44 34 40 — 
6 — — 40 oo 

Wall 0 .008 008 .008 .016 
thickness 1 .008 016 .008 .008 
(mm) 2 .008 016 .008 .016 

3 .024 024 024 .032 
4 .032 040 032 .048 
5 .040 .048 032 .056 
6 .056 .064 .048 — 

if _- —- 056 — 
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Schwagerina eolata Thompson 

(Plate 15, figures 1-6) 

Schwagerina eolata Thompson, Kans. Univ. Paleont. Contr., Protozoa, art 5, pl. 36, figs. 
1-8, 1954. 

Description. A somewhat elongate, fusiform species of 6 to 7 volutions, attaining a 
length of 8 to 9.5 mm and a diameter of 2.8 to 3.5 mm. The slopes are convex to slightly 
concave and the ends are almost pointed. 

TABLE 15 

MEASUREMENTS OF SCHWAGERINA EOLATA 

YPM YPM YPM YPM 
Volution 22529 D2ZI01 22533 22534 

Radius 0 2 11 .10 15 
vector 1 20 malts AO) 25 

(mm) 2 30 ps) 35 35 
3 55 .40 RO) 60 
4 80 .65 .80 85 
5 ee aks) 1.00 1.10 1.20 
6 1250 1.30 1.40 1.45 

7 — 1.60 —- = 

Half 0 14 11 A102 16 

length 1 30 .20 40 50 
(mm) 2 50 40 70 80 

3 1.40 1.00 1.30 1.30 
4 1.80 1.50 1.90 1.90 
5 2.70 2.20 2.60 2.60 

6 3.90 2.80 3.30 S00 
a 4.80 4.60 —- — 

Form i 1.5 1S 2.0 220 

ratio 2 evs 1.6 Dad) Dee 
3 225 25 2.4 Did 
4 2.3 UES 2.4 Dik 
5 Des De? 2.4 22 
6 2.6 ey) pA Disa) 
if — TES) — — 

Tunnel 1 37 33 18 ow) 

angle 2 30 30 44 33 
(2) 3 22 39 40 30 

4 23 31 40 32 

5 38 28 26 40 

6 — 39 Sy) — 

Wall 0 .024 016 .024 032 
thickness il 016 016 .016 024 

(mm) 2 016 024 .016 032 
3 032 032 .040 048 
4 056 048 .056 056 
5 072 104 sO72 088 
6 056 .104 .088 072 
rf .056 064 O80 — 
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The proloculus is thin-walled and small, ranging from 200 to 300 microns in diameter. 
The first and second volutions are very thin-walled; the walls of succeeding volutions in- 
crease to a maximum of 104 microns in the penultimate volution followed by a slight de- 
crease in the last volution. The wall consists of a tectum and well-defined keriothica. 

The shell expands gradually and uniformly. The chambers are of constant height 
across the middle third of the shell but increase in height toward the ends. The form ratio 
increases with growth from 1.5 to 3.0 at maturity. 

The septal folds are strong, somewhat regular and high, forming closed chamberlets 
of a height at least two-thirds of the chamber height; in axial sections the septal loops are 
high, narrow and rather closely crowded. The septa are thin and closely spaced. Phreno- 
thecae are common in all but the final whorl. A moderate amount of axial filling is 
common, although the quantity is variable. 

The tunnel is moderately wide when it can be distinguished. However, owing to a lack 
of chomata the limits of the tunnel are not always obvious. The measurements indicate 
considerable irregularity in the tunnel angle, and this is substantiated by supplementary 
measurements of polished axial surfaces. The tunnel angle varies between 30° and 40° 
with a gradual increase from youth to maturity. 

Discussion. This species is distinguished by its medium-to-large size, more or less 
evenly elliptical profile, small proloculus, moderately thin walls and its strong, high 
septal folds. It resembles rather closely Schwagerina neolata ‘Thompson with which it is 
commonly associated; however, it can be distinguished by its more elongate and slender 
shell, thinner wall and smaller proloculus. 

OccurRRENCE. Schwagerina eolata was originally described from, is characteristic of, 
and restricted to the Cerro Alto limestone. It has been reported only from the Hueco 
Mountains, Texas, where, however, it is quite abundant. 

Schwagerina franklinensis Dunbar and Skinner 

(Plate 16, figures 1-6) 

Schwagerina franklinensis Dunbar and Skinner, Texas Univ. Bull. 3701, p. 628, pl. 66, 

figs. 1-11, 1937. 

DescriPTIon. This elongate, fusiform to subcylindrical species attains a length of 9 
mm and a diameter of 3 mm in six or seven volutions. The ends are normally bluntly 
rounded. 

The proloculus is thin-walled and quite small, generally from 80 to 100 microns in 
diameter. The thin-walled character of the proloculus continues through the early 
whorls, which seldom exceed 24 microns before the third volution. The early whorls are 
closely coiled, but succeeding volutions show a gradual and progressive increase in the 
height of the chambers with a concomitant increase in form ratio from 1.5-2.5 in the early 
whorls to 3.5 at maturity. The profile in axial section is reminiscent of that of Schwagerina 
diversiformis but on a smaller scale and less pronouncedly developed. Following the closely 
coiled inner whorls, the central part is essentially cylindrical with moderately steep 
lateral slopes on the end regions (i.e. shuttle-shaped). Not infrequently the spiral wall is 
lightly bent inward at the midplane. 

The wall thickness ranges from 8 to 16 microns in the early whorls, generally in- 
creasing to 48 microns in the fourth volution, and thickening to as much as 64 microns 
in the final volution. It consists of a tectum and a well-developed keriotheca. 

The septal folds are strong but irregular in size. However, the folding is not con- 
sistently developed in the upper portions of the septum and the septal loops of axial 
sections vary in size and height. The concentration of septal loops diminishes from the 
pole to the center, indicating that the septum does not parallel the axis of coiling but 
instead is somewhat concave in the direction of growth. 

Lack of chomata renders the tunnel rather inconspicuous in axial sections. Its limits 
are difficult to recognize but measurements from polished axial surfaces suggest an average 
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TABLE 16 

MEASUREMENTS OF SCHWAGERINA FRANKLINENSIS 

YPM YPM YPM YPM 
Volution 22535 22536 22531 22538 

Radius 0 .05 .08 .08 .09 
vector 1 .14 113 16 .14 

(mm) 2 .20 iL 125 24 
3 35 135 .40 40 
4 .50 .60 .65 60 

5 Bi .90 85 .80 
6 1.05 1345 1.05; = 
a 1.40 — — a= 

Half 0 .06 .09 .09 .10 

length 1 .20 .16 .29 35 
(mm) 2 .50 64 70 .90 

3 .60 1.20 1.30 1135 
4 1.40 1.70 2.00 2.00 

5 2.20 Be5O 2.80 3:20 
6 3.00 3.90 — 

7 4.30 —- _ — 

Form 1 1.4 Liee2 1.8 2.5 

ratio 2 2°5 320 2.8 aoa 
3 17 3.4 3.2 ae: 
4 2.8 2.8 Sigal 3.3 

5 2.9 2.8 S18! 4.0 
6 239 3.4 = — 
7 $20 = — -- 

Tunnel 1 51 63 46 ou 

angle 2 41 44 63 45 

eS) 3 40 45 38 40 
4 26 28 50 49 
5 29 40 — 31 
6 44 — 7 — 

Wall 0 008 .008 .008 .016 

thickness 1 016 .008 .008 .016 
(mm) 2 016 .016 .016 .016 

3 016 .024 .024 .008 
4 024 .048 .048 .032 
5 032 .048 .042 .048 
6 .048 .064 .042 .048 
7 .056 —- — — 
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tunnel angle of 40°. There is no clearly discernible change in tunnel angle from youth 
to maturity. The axial zone is commonly faintly clouded by secondary shell material but 
the deposit is never strong and is irregular and inconstant. 

Discussion. This species is characterized by a small proloculus, low and thin-walled 
early volutions, a somewhat “‘shuttle-shaped” axial profile, and walls of medium thickness 
in the outer volutions. It can be distinguished from Schwagerina huecoensis (Dunbar 
and Skinner) by the smaller proloculus, the low and thin-walled early volutions which 
appear more slender and less inflated, and by spiral walls which are thinner at all stages 
of growth; from Schwagerina diversiformis Dunbar and Skinner by its small proloculus, 
small] size, thinner walls, less regularly folded septa and smaller volume of axial fillings; 
from the larger forms of Schwagerina emaciata (Beede) by its distinctive axial profile 
and possession of limited axial deposits; and from Schwagerina gracilitatis Dunbar and 
Skinner by higher and more closely spaced septal folds. 

OccurRENCE. Schwagerina franklinensis has been found only at one locality (meas- 
ured section 6, bed 9) in the upper Alacran Mountain formation in the Hueco Moun- 
tains, Texas, where it is associated with S. crassitectoria. It was originally described from 
the Hueco limestone of the Franklin Mountains, Texas. According to Ross (1959a, p. 358) 
it occurs in the lower part of the Leonard formation in the central and eastern Glass 
Mountains, Texas, and in the uppermost part of the Lenox Hills formation at Dugout 
Mountain (western Glass Mountains). 

Schwagerina aff. S. grandensis Thompson 

(Plate 17, figures 1-4) 

Description. An elongate-fusiform species of about 6 volutions, attaining a length of 9 
mm and a diameter of 4 mm. The central area is somewhat inflated and the lateral slopes 
are slightly concave, terminating in pointed poles. 

The proloculus is of medium size with a fairly constant diameter of 200 microns. The 
shell increases in size uniformly; form ratios generally increase steadily from 1.5 in the 
early volutions to 3.2 at maturity. The chambers are lowest in the middle third of the 
shell, increasing in height toward the poles. The wall is thin in the early whorls but 
thickens with growth to a maximum of 104 microns. The wall consists of a tectum and 

a well-defined keriotheca. 
The septa are strongly and more or less regularly folded; the folding extends nearly 

to the top of the chamber. The tunnel is well defined despite the absence of chomata. It 
is narrow in the early whorls but gradually widens. 

Discussion. Lack of an adequate sample precludes the description of this form as a 
new species. It most closely resembles Schwagerina grandensis ‘Thompson especially in 
general size, diameter of proloculus, and degree of septal folding, but it has a signifi- 
cantly different profile in that the central region is not as inflated nor are the lateral 
slopes as pronouncedly concave. 

OccurRENCE. Schwagerina aff. S$. grandensis is found in the Hueco Mountains at 
Locality 1 in association with Triticites cf. T. cellamagnus Thompson and Bissell in the 
upper member of the Magdalena limestone, in what are referred to herein as the 
Bursum beds. 
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TABLE 17 

MEASUREMENTS OF SCHWAGERINA 
aff. S. GRANDENSIS 

YPM YPM YPM YPM 
Volution 22541 22542 22543 22544 

Radius 0 .10 .10 .10 al 

vector 1 .16 m5 .16 .29 

(mm) 2 sD 25 26 43 
3 45 45 45 5 
4 .70 aD S15 1.10 
5 .95 1.10 1.05 1.30 
6 1225 1.40 -~- —- 

Half 0 10 10 8) 10 
length 1 20 24 24 48 
(mm) 2 65 48 48 1.30 

3 1220 1.00 .95 2.40 
4 1.70 1.80 1.95 3.60 
5 3250 2.80 3.30 4.10 

6 4.00 3270 ae —- 

Form 1 153 1°6 125 1 ek? 

ratio 2 2.4 1.9 1.8 3.0 
3 Die 21D) sae See 
4 2.4 2.4 26 S33 

5 3.7 235 Si S22 

6 Se 2.6 — — 

Tunnel 1 15 16 23 32 

angle 2 22 Zit 28 34 
(°) 3 30 23 36 42 

4 44 44 50 —_ 
5 54 45 — — 

Wall 0 .008 .016 .016 .016 
thickness 1 .016 .008 .016 .016 
(mm) 2 .032 .024 .032 .024 

3 048 .056 .048 .056 
4 .064 .080 .064 .072 

5 .088 .104 .080 .096 

6 .104 .080 — — 

Schwagerina huecoensis (Dunbar and Skinner) 

(Plate 18, figures 1-4) 

Pseudofusulina huecoensis Dunbar and Skinner, Am. Jour. Sci., v. 222, p. 257-258, pl. 1, 
figs. 4-6b, 1931. 

Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 1, pl. 12, figs 5-7, 1948. 

Schwagerina huecoensis, Dunbar and Skinner, Texas Univ. Bull. 3701, p. 627-628, pl. 57, 
figs. 1-9, 1937. 

[not] Needham, N. Mex. School Mines Bull. 14, p. 49-50, pl. 8, figs. 5-6, 1937. 

Description. An elongate-fusiform species of 6 or 7 volutions, attaining a length of 13 
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TABLE 18 

MEASUREMENTS OF SCHWAGERINA HUECOENSIS 

YPM YPM YPM YPM 
Volution 22549 22550 22551 22552 

Radius 0 16 13 14 15 
vector 1 44 34 37 32 

(mm) 2 70 .60 60 50 
3 1.00 .90 .90 £15 
4 1.40 1220 125 105 
5 1.90 1.55 1.60 1.40 
6 2220 1.95 1.90 1.80 
7 = 2.30 —_ 2.00 

Half 0 16 a5 13 16 
length il .60 46 64 52 
(mm) 2 120 1.00 1.10 .90 

3 1.80 150 2.20 1.60 
4 3.00 2.40 3.70 250 

5 5.20 3.30 5.20 3.80 
6 6.90 5.50 7.40 5.80 
7 —_ 6.90 — 6.60 

Form 1 15 1.4 itr 1.6 

ratio 2 ei 1.7 1.8 1S 
3 1.8 heey 2.4 ie 
4 21 2.0 2.9 2.4 

5 Pad | Desh ie? De 
6 Shaul 2.8 3.9 3.2 
il — 3.0 — 3.3 

Tunnel 1 _ 23 20 16 

angle 2 18 22 26 20 
@) 3 32 23 41 33 

4 25 35 33 42 

5 61 34 42 47 

Wall 0 .016 016 .016 032 

thickness 1 .048 040 .032 040 
(mm) 2 .064 064 .080 064 

3 .080 088 080 072 
4 .096 088 136 104 
5 .104 .120 .136 P12 
6 .088 .120 .072 112 
7 — .072 — .096 

to 15 mm and diameter of 4.0 to 4.5 mm. The axial profile is one of a slender ellipse in 

the inner whorls; the height of each chamber is uniform from the center to the poles. 
In the outer whorls the height of each chamber increases toward the poles, thus the 
axial profile is blunter at the ends. 

The proloculus is fairly large, commonly measuring 280 to 320 microns; it is rather 

thick-walled and slightly subspherical. The early whorls are short and thickly fusiform; 

they become increasingly elongate with growth. Expansion of the whorls is gradual and 

moderately rapid. The form ratio increases steadily from about 1.5 in youth to anywhere 
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from 3.0 to 3.9 at maturity. Wall thickness also increases gradually with growth from 
40 microns in the first volution to a maximum of 140 microns in the fifth and sixth 
volutions; the final volution is generally somewhat thinner. 

The septal folds are high and strong; they meet basally in adjacent septa to form 
regular cell-like chamberlets. Abundant high septal loops appear in axial sections. Septal 
pores are coarse and abundant. Very feeble chomata are recognizable only on the outside 
of the proloculus and are absent in the remainder of the shell. 

The tunnel is of moderate width and the tunnel angle does not increase appreciably 
in successive whorls (from about 20° in youth to 40° at maturity). Lack of chomata 
renders difficult the delimitation of the tunnel in the outer whorls. Variable but slight 
amounts of axial filling are common. Phrenothecae were persistently present to some 
degree in all specimens which I examined. 

Discussion. Schwagerina huecoensis is characterized by its size, ontogenetic change 
in shape, strong and high septal folds, gradual and moderately rapid expansion, and 
persistent presence of phrenothecae. It can be distinguished from S. franklinensis Dunbar 
and Skinner by its large size, large proloculus, thicker walls, and short, thickly fusiform 
shape of early whorls. Although normally it is readily distinguishable from Pseudo- 
schwagerina texana Dunbar and Skinner by its gradual and moderately rapid expansion, 
there are forms of the latter in which the juvenarium is very indistinctly set off by in- 
flation of the post-nepionic whorls; such forms are not easily separated from Schwagerina 
huecoensis. 

OccurRENCE. Schwagerina huecoensis was originally described from, and is restricted 
to, the Hueco Canyon formation in the Hueco Mountains, Texas; however, it is by no 

means common within that unit. 

Schwagerina knighti Dunbar and Skinner 

(Plate 19, figures 1-4) 

Schwagerina knighti Dunbar and Skinner, Texas Univ. Bull. 3701, p. 648-650, pl. 81, figs. 

11-14, 1937. 

Description. The shell consists of 9 to 10 volutions, attains a length of 12 mm and a 

diameter of 4.5 to 5 mm. It is strongly inflated at the middle with somewhat acutely ex- 
tended poles. ‘The lateral slopes may be slightly convex. 

The proloculus is small but displays considerable variation in size, ranging from 80 
to 240 microns. The early whorls are low, tightly coiled and thin-walled; these are fol- 
lowed by the development of an evenly elliptical profile among the intermediate whorls 
as shown by the abrupt reduction in the form ratio; the form ratio then increases to 
about 2.5 reflecting the elongate profile which characterizes the outer whorls. The height 
of the chambers is more or less constant from pole to pole in the intermediate whorls; 
however, the height of the chambers increases toward the poles in the outer whorls. Wall 
thickness increases gradually from a minimum of 8 microns in the inner volutions to a 
maximum of 152 microns in the penultimate volution; the wall of the last volution is 
invariably somewhat thinner. 

Septal folds are strong, regular and high as evidenced by the high, narrow and 
closely crowded septal loops in axial sections. Chomata are completely lacking but a 
limited amount of axial filling is not infrequent. The tunnel angle is narrow, ranging 
from 20° to 30° and showing no systematic increase with growth; this may be in part 

due to the difficulty in measuring the tunnel angle in the absence of chomata. Phreno- 
thecae appear sporadically among the specimens from the Hueco Mountains. 

Discussion. This species is characterized by its small-to-medium proloculus, large 
size, ontogenetic change in shape, limited amount of axial filling and intense, high 

septal folding. It can be distinguished from S. bellula Dunbar and Skinner only by its 
larger size; such close morphologic similarity plus its stratigraphic position (appears in 
the Hueco Mountains section after S. bellula) suggests direct descent. S. knighti differs 
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from S. diversiformis Dunbar and Skinner in the possession of a generally smaller proloc- 
ulus, and an evenly elliptical profile in the inner volutions; from S. nelsoni Dunbar 
and Skinner in having a smaller proloculus, a larger number of whorls and a limited 
amount of axial filling. S. compacta (White) is smaller, differently shaped and has its 
axial deposits in a broad belt in each end zone as well as along the axis. 

OccurRENCE. Schwagerina knighti is restricted to the Hueco Canyon formation in 
the Hueco Mountains, Texas. It was originally described from the Hueco limestone, Sierra 

Diablo, Texas (Dunbar and Skinner, 1937), and Ross (1959a, p. 376) reports it from the 
Lenox Hills formation in the western Glass Mountains (plus some questionably as- 
signed specimens from the Leonard formation of the central Glass Mountains). 

Schwagerina menziesi, n. sp. 

(Plate 20, figures 1-6) 

Description. An elongate-fusiform species of about 7 volutions, attaining a length 
of 14 mm and a diameter of 2.5-3.5 mm. The shell is thickest at the middle, and the 
lateral slopes are gently convex as they converge toward the somewhat rounded ends. 

The proloculus is moderately large, ranging commonly between 250 and 300 microns; 
it is more or less spherical and thin-walled. The shell expands slowly and uniformly 
accompanied by a progressive increase in form ratio from 2.0 in the early chambers to 
4.0 at maturity. The chambers are essentially uniform in height throughout their length 
with a slight increase in height toward the poles. 

The septa are strongly and regularly folded from pole to pole. The folding appears to 
be restricted to the lower half of the septa as shown by the distribution of the septal 
loops. The folds of adjacent folds touch near the basal margin, forming a pattern of 
rounded cell-like chamberlets, and at times almost constitute cuniculi. Phrenothecae are 
common in all but the final whorl. A moderate axial filling occupies much of the end 
zone of the early whorls, coating the walls and partly or completely filling the chambers. 

The wall is composed of a tectum and a thin but coarsely alveolar keriotheca. The wall 
thickens gradually from 16 microns in the proloculus to as much as 56 microns in the 
penultimate volution and thins again to 32 microns in the final volution. 

Owing to a lack of chomata, the tunnel is distinguished only with difficulty. However, 
supplementary measurements made on polished axial surfaces indicate a general increase 
in tunnel angle from 25° in the early volutions to as much as 50° at maturity. The septa 
are resorbed for approximately one-third the chamber height to form the tunnel. 

This species is named in honor of Mr. Russell Menzies, owner of the Menzies Ranch 
(formerly Helms Ranch) in appreciation of the many courtesies extended to the writer. 

Discussion. Schwagerina menziest is characterized by its moderately large size, large 
proloculus, highly elongate profile with gently convex lateral slopes, and regular basal 
septal folding. It can be distinguished from S. aculeata Thompson and Hazzard and S. 
andresensis ‘Thompson by its larger size, larger proloculus, more elongate profile, less 
uniform profile, less highly folded septa, and restriction of septal loops to basal margin; 
from S. campensis Thompson and S. pinosensis Thompson by its tighter coiling, regular 
septal folding confined to basal margin and the persistent presence of phrenothecae; 
from S. eolata Thompson by its more slender elongate shape, flatter lateral slopes, blunter 
ends and thinner walls; and from S. franklinensis Dunbar and Skinner by its larger size, 

larger proloculus and lack of “shuttle-shaped”’ profile in the inner whorls. 
OccurRENCE. Schwagerina menziesi is restricted to the upper portion of the Alacran 

Mountain formation. More specifically it occurs some 15 feet below a Schwagerina cras- 
sitectoria-S. franklinensis fauna, herein considered to mark the Wolfcamp-Leonard 
boundary. It is found in a downfaulted block south of Cerro Alto (measured section 6, 
bed 8) in the youngest beds of the Alacran Mountain formation yet remaining in the 
Hueco Mountains. 
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TABLE 20 

MEASUREMENTS OF SCHWAGERINA MENZIESI 

YPM YPM YPM YPM 
Volution 22551 22558 22560 22561 

Radius 0 .10 12 Bly? 15 
vector 1 SY) 22 .20 23 

(mm) 2 nos) .38 34 38 
3 49 .58 Sy 60 
4 .70 A715) 70 80 
5 .90 1.05 .95 1°20 
6 115 1935 1.20 i150 
7 1.30 1.60 — — 

Half 0 13 13 .16 15 
length 1 48 44 34 34 
(mm) y) 85 .90 .88 80 

3 1.60 1.60 1.60 1-35 
4 2.90 1.90 2.10 2.00 

5 3.90 el) 3.10 3.10 
6 4.50 4.50 4.80 4.40 
ih SiO 5.60 — — 

Form i De2 2.0 her 115 
ratio 2 2.4 2.4 DAAS Deel 

3 Sud 2.8 Som 2.3 
4 4.1 2S 3.0 DD 
5 4.3 3:0 372 2.6 
6 39 33 4.0 2.9 
7 4.4 $5 -— — 

Tunnel il 53 Sil 49 25 

angle 2 35 33 39 47 
() 3 34 34 35 34 

4 58 29 36 33 

5 61 Sf — — 

Wall 0 .016 024 .016 024 
thickness il .016 016 .024 024 

(mm) My .024 024 .024 024 
3 .032 032 5032 024 
4 .040 040 032 032 
5 .040 .040 .048 .040 
6 .056 .048 .056 .056 
a .032 .032 — = 

Schwagerina neolata Thompson 

(Plate 21, figures 1-5) 

Schwagerina neolata Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 5, pl. 36, figs. 

9-15, 1954. 

Description. A somewhat inflated fusiform species of 6 to 7 volutions, attaining a 
length of 8 to 11 mm and a diameter of 3.5 to 4.5 mm. The slopes are convex to slightly 
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concave and the ends are almost pointed except in the final volutions where they are 

bluntly rounded. 
The proloculus is thin-walled and generally small (200 to 240 microns), although 

proloculi with diameters of 250 microns are not infrequent. The walls of succeeding 
volutions increase to maxima of 95 to 105 microns in the penultimate volution followed 
by a slight decrease in the thickness of the last volution. The wall consists of a tectum 
and a well-defined keriotheca. 

TABLE 21 

MEASUREMENTS OF SCHWAGERINA NEOLATA 

YPM YPM YPM YPM 
Volution 22564 22563 22565 22567 

Radius 0 aif ails 12. Bi! 

vector 1 25 .20 .30 25 

(mm) 2 .40 40 .50 .50 
5 ih .70 .80 .80 
4 1.00 1.10 125 1.05 

5 1.40 1.50 1.60 1.50 
6 1.80 1.90 1.90 1.80 
if — 2.45 — — 

Half 0 12 13 43 12 

length 1 5) .60 .50 .50 
(mm) 2 120 apes 0) .90 80 

3 1.50 1.90 1.50 1.40 
4 2.20 2.50 2.40 2.10 

5 3.40 3.10 3.50 2.80 
6 5.40 4.50 4.30 3.70 
7 — 5.80 a — 

Form 1 1.0 320 WE) 2.0 

ratio 2 Dl De 1.8 1.6 
3 a | Zoi 1.9 i eal § 

4 22 23 fio 2.0 

5 5 my | Dat D2 129 
6 3.0 2.4 2.3 2.4 
| — 2.4 — — 

Tunnel 1 31 46 49 30 
angle 2 40 48 42 31 
( 3 28 45 27 21 

4 21 19 24 18 
5 34 36 50 23 
6 — 43 — -- 

Wall 032 024 .032 .032 
thickness 032 024 .032 .032 
(mm) 040 040 .040 .048 

IAM PP WNEFH © 
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The shell expands gradually and uniformly. The chambers are closely similar in 
height throughout their length in the inner four or five volutions, becoming somewhat 
higher at the polar ends of the outer volutions. 

The septal folds are strong, somewhat regular and high, forming closed chamberlets 
of a height at least two-thirds of the chamber height; in axial sections the septal loops 
are high, narrow and rather closely crowded. The septa are thin and closely spaced. 
Phrenothecae are common in all but the final whorl. A moderate amount of axial filling 
is common, although the quantity is variable. 

The tunnel is moderately wide when it can be distinguished. However there are no 
chomata and the limits of the tunnel are not always obvious. The measurements indicate 
considerable irregularity in the tunnel angle, and this is substantiated by supplementary 

measurements of polished axial surfaces. The tunnel angle appears to undergo a gradual 
increase from 30° in the early whorls to as much as 45° at maturity. 

Discussion. This species is distinguished by its medium-to-large size, inflated fusiform 
profile, thick walls, and strong, high septal folds. It resembles rather closely S. eolata 
Thompson, with which it is commonly associated; however, it can be distinguished by 

its shorter, more highly inflated profile, and to a lesser degree by its generally larger 
proloculus and thicker wall. Although the writer was originally inclined to combine 
the two forms, the nature of their distribution indicates that both are valid species; 
they may occur in equal proportions in the same assemblage, but it is more common for 
an assemblage to be dominated by one or the other. 

In the constancy of chamber height from pole to pole in the early whorls, S. neolata 
resembles S. diversiformis Dunbar and Skinner, but the rapid elongation of the ends of the 
shell in later volutions is not nearly so pronounced in this species. It differs from S. 
knightt Dunbar and Skinner in the possession of a larger proloculus and a much less 
sharply elliptical profile. 

OccurRENCE. Schwagerina neolata was originally described from, is characteristic of, 
and restricted to the Cerro Alto limestone. It has been reported only from the Hueco 
Mountains, Texas, where, however, it is quite abundant. 

Schwagerina nelsoni Dunbar and Skinner 

(Plate 22, figures 1-5) 

Schwagerina nelsoni Dunbar and Skinner, Texas Univ. Bull. 3701, p. 650-652, pl. 67, fig. 1 
(upper six specimens), 2-3, 6-7, 11-12, 14, 1937. 

Pseudofusulina nelsoni opima Thompson, Kans. Univ. Paleont. Contr., Protozoa, art. 5, 
pl 44, figs. 5, 7-11, 1954. 

Descrirtion. A medium to large, fusiform species of 5 or 6 volutions, attaining a 
length of about 10 mm and a diameter of 4 mm. The adult shell is short and inflated 
with a straight axis of coiling. The form ratio increases gradually during growth from 
1.2 to 2.3; it reflects the change from the more inflated inner whorls with uniformly 
convex lateral slopes and bluntly rounded poles (whorls having a nearly uniform height 
from center to poles) to the samewhat less concave slopes (height of chambers increases 
toward the poles). 

The proloculus is rather large, commonly between 300 and 420 microns, and generally 
(but not always) thin-walled. The early whorls increase in height rapidly, or, gradually 
and the shell is rather loosely coiled. The wall thickness increases uniformly with growth; 
it is quite thin in the early whorls, progressively thickens in later whorls to 110 or 120 
microns; the thickness decreases slightly in the last volution. The wall consists of a well- 
defined tectum and keriotheca. 

The septa possess strong, high folds which meet opposed folds of adjacent septa to 
subdivide the meridional chambers into cell-like chamberlets; they appear as high loops 
in axial sections. Septal pores are abundant but difficult to discern in axial sections be- 
cause of the intense folding which causes the septa to cross the slice at high angles. 
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Phrenothecae appear to be a diagnostic feature of this species; they were present to at 
least some degree in all specimens that I examined. 

The tunnel is especially difficult to delimit amid the intense septal folding and in 
the complete absence of chomata. Measurements of tunnel angles in polished axial sur- 
faces indicate a range from 25° to 35°, which remains fairly constant from youth to 
maturity. 

Discussion. Schwagerina nelsoni is characterized by its large proloculus, inflated 
form, ontogenetic change in shape, intensity of septal folding, loose coiling and the 
persistent presence of phrenothecae. It can be distinguished from S. diversiformis Dunbar 
and Skinner by its smaller size, more evenly convex volutions, lack of axial filling, and 
less regularly folded septa; from S. hessensis Dunbar and Skinner by its more inflated 
axial profile, thinner-walled inner whorls, and looser, more irregular septal loops; from 
S. hawkinsi Dunbar and Skinner by the thinner walls and uniformly convex lateral slopes 
of the inner whorls, less inflated outer whorls and looser coiling. 

OccurRRENCE. Schwagerina nelsoni was originally described from the Hueco limestone 
of the Franklin Mountains, Texas. It is characteristic of and restricted to the Alacran 

Mountain formation (excluding Deer Mountain member) in the Hueco Mountains, 
Texas. It has also been reported from the upper Neal Ranch strata at Gap Tank and 
the Lenox Hills formation in the western Glass Mountains (Ross, 1959a, p. 388). 

TABLE 22 

MEASUREMENTS OF SCHWAGERINA NELSONI 

YPM YPM YPM YPM 

Volution 22568 22569 22570 22571 

Radius 0 20 .16 19 iy. 
vector 1 35 Beir! yl 39 

(mm) 2 75 1S 95 75 
3 1°25 1.35 130 1.30 
4 1.70 1.70 1.70 1.80 
5 220 2.10 2.00 2.10 

Half 0 7 \ .18 .20 15 
length 1 44 45 68 46 
(mm) 2 1.30 1.10 1.50 1.10 

3 2.00 2th 2.60 2).19 
4 3.00 3,20 3.20 3:25 
5 4.80 4.20 4.70 4.20 

Form 1 1S 12 123 12 

ratio 2 her 125 156 1.5 

3 1.6 1.6 2.0 US) 
4 1.8 1.9 1.9 1.8 
5 Dr 2.0 2.3 2.0 

Tunnel 1 32 50 29 38 

angle 2 23 25 29 38 
(°) 5 15 39 28 31 

4 23 41 23 41 

Wall 0 016 032 .024 024 

thickness 1 040 088 .056 048 
(mm) 2 056 032 .072 048 

3 088 096 .088 104 
4 120 112 . 104 112 
5 104 080 .064 096 
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Schwagerina thompsoni? Needham 

(Plate 23, figures 1-6) 

Schwagerina thompsoni Needham, N. Mex. School Mines Bull. 14, p. 50-51, pl. 8, figs. 
7-10, 1937. 

Schwagerina emaciata Needham, N. Mex. School Mines Bull. 14, p. 46-47, pl. 7, figs. 7-9, 
1937. 

[part] Schwagerina emaciata jarillaensis Needham, N. Mex. School Mines Bull. 14, p. 46-47, 

Planitia Uil21937- 

TABLE 23 

MEASUREMENTS OF SCHWAGERINA THOMPSONI? 

YPM YPM YPM YPM 
Volution 22573 22574 22575 22576 

Radius 0 .08 a0 .07 06 
vector 1 .18 15 m4 08 

(mm) 2 .30 .30 24 15 
3 .50 .50 40 25 
4 85 85 60 40 
5 1'. 20 1325 95 60 
6 1.50 1.60 1.30 .90 
(i, —- = — ea 5} 

Half 0 .09 .07 07 06 
length 1 332 .40 24 10 
(mm) 2 .60 70 48 25 

3 1.00 1.20 80 45 
4 2.00 Dat 1.50 85 
5 210 2.70 2.50 1.90 
6 3.60 4.00 4.30 2.85 
if _— -- = 4.10 

Form 1 1.8 Tes | Weg 13 
ratio 2 2.0 DRS 2.0 io 

3 220 2.4 2.0 1.8 
4 24 BS 2S 129 
5 2.3 ID) 226 Sia? 
6 DA BS 3.3 3u2 
i — — — 3.6 

Tunnel 1 20 21 15 32 

angle ?s 28 22 18 29 
(°) 3 29 45 23 35 

4 30 36 32 44 
5 36 — 52 60 

Wall 008 024 .016 016 
thickness 024 024 .024 008 
(mm) 024 032 024 016 

WAM PWN FH © 

ee ee 

ns co S ~I ie) ©) ~I bho eS nw co 
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DescripTion. A somewhat elongate fusiform species of 6 to 7 volutions, attaining a 
length of 8 to 9 mm and a diameter of 2.5 to 3.5 mm. The slopes are slightly convex 
and the ends somewhat pointed to rather blunt. 

The proloculus is thin-walled and small, seldom exceeding 180 microns in diameter. 

The inner whorls are thin-walled and the succeeding volutions increase to a maximum 
of 88 microns in the final volution. The wall consists of a thin tectum and well-defined 
keriotheca. 

The shell expands gradually and uniformly. The chambers are more or less con- 
stant in height across the middle third of the shell but increase in height toward the 
ends. The form ratio increases with growth from 1.5 to 3.5 at maturity. 

The septal folds are strong, somewhat irregular and of medium height, displaying 
septal loops which are correspondingly medium-to-low, narrow and crowded in axial 
sections. The number of septa increases from 9 in the first whorl to 32 in the sixth whorl. 
Phrenothecae and axial fillings are rare to absent. 

The tunnel is moderately wide, ranging from 15° to 20° in the early whorls to as 
high as 50° at maturity. Lack of chomata makes it difficult to recognize the tunnel limits, 
and supplementary study of polished axial surfaces is frequently necessary. 

Discussion. Schwagerina thompsoni? is characterized by its small proloculus, a some- 
what less than evenly elliptical profile, thin walls in the early volutions, strong but more 
or less irregular septal folds, and medium-to-low narrow septal loops. It can be dis- 
tinguished from S. aculeata Thompson and Hazzard by its smaller size, thicker outer 
walls, more loosely coiled volutions and a less uniform rate of expansion; from S. bellula 

Dunbar and Skinner by its lack of an evenly elliptical profile, a larger proloculus, 
medium-to-low irregular folding of septa, and general absence of axial fillings; from S. 
bowmani Roberts by its thicker walls, higher and narrower septal loops and complete 
absence of axial filling; from S. emaciata (Beede) by its larger size, thicker walls, and more 
evenly convex profile; from S$. eolata Thompson by its smaller proloculus, lack of an 
evenly elliptical profile, irregularly folded septa, low septal loops, and smaller size; from 
S. fax Thompson and Wheeler by its less highly inflated profile (with a consequent 
difference in form ratio), less highly inflated chambers, and thicker walls. 

This species is questionably identified as Schwagerina thompsoni because it ap- 
pears to be slightly larger than the types. Whether this difference in size should be con- 
sidered as being within the range of variation of S. thompsoni or should dictate the 
erection of a new species is at present indeterminable. Needham’s illustrations include 
only two axial sections, neither of optimum quality. The description of the type locality 
is very general; attempts to collect additional material were frustrated by uncertainty 
as to its exact location and stratigraphic level. However, the specimens herein described 
were collected from the same general area and probably from the same stratigraphic 
horizon; they may constitute a true sample of S. thompsoni but it would seem more 
prudent to await further study of the Hueco fauna in the northern part of the range 
before reaching a decision. 

OccurRENCE. Schwagerina thompsoni was originally described from, and is restricted 
to the Hueco Canyon formation in the Hueco Mountains of Texas and New Mexico. It 
has not been reported outside of this area. 

Genus STAFFELLA Ozawa, 1925 

Staffella lacunosa Dunbar and Skinner 
(Plate 24, figures 1-3) 

Staffella lacunosa Dunbar and Skinner, Texas Univ. Bull. 3701, p. 598-599, pl. 52, figs. 

9-13, 1937. 

Description. A minute subspherical species with a maximum diameter of 2 mm. The 
whorls are bilaterally symmetrical and the mature forms display a broadly rounded 
periphery. The proloculus is small, generally less than 100 microns in diameter. The axial 
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diameter of the first whorl is only about two-thirds the equatorial diameter. Although 
the length of the axial diameter approaches the equatorial diameter in the later whorls, 
it is always shorter, i.e. the maximum width of the outer whorls is greater than the axial 
length. Consequently the shape of the shell is somewhat nautiliform. At maturity the 
poles are rather deeply umbilicate and the periphery becomes slightly flattened so that 
the profile of axial sections is rounded subquadrate. Coiling is planispiral from the be- 
ginning. 

The wall is thin, increasing from about 15 microns in the second or third whorl to 
55 microns at maturity. As nearly as can be determined, the wall appears to consist of 
two layers: a thin dark tectum underlain by a thicker more transparent layer. 

The genus Staffella is characterized by the possession of a narrow, median tunnel 

bordered by chomata. The preservation of my material was such that neither of those 
features was visible. Moreover it could not be determined if epithecal deposits of any 
kind were present. 

TABLE 24 

MEASUREMENTS OF STAFFELLA LACUNOSA 

YPM YPM YPM 
Volution 22579 22580 22592 

Radius 0 .040 .024 _- 

vector il .080 .120 ~ 

(mm) 2 2120 .184 .136 
3 .224 .320 .224 
4 .320 480 .340 

5 .440 .720 .490 
6 .620 .880 .670 
7 830 a= 860 

Half 0 .040 .024 —_ 
length 1 .040 .144 —_— 
(mm) ?3 .096 184 096 

3 . 200 . 360 160 
4 .320 .440 320 
5 .400 .600 440 
6 .560 .640 520 

7 .720 — 640 

Form 1 .50 n2 — 

ratio 2 .80 1.00 60 
3 .82 1.10 7 
4 1.00 .92 94 
5 .O1 .83 90 
6 .90 aS 78 
ff .87 is 

Wall .008 — — 

thickness a5 —= = 
(mm) .016 = 

TIA NPWN KF © 

(=) ie) nN (=) ns ©) 
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The septa are plane, and septal counts of 18, 24, and 34 are typical for the outer 
whorls. The interior whorls are particularly susceptible to recrystallization, and septal 
counts for those parts of the shell are not available. 

Discussion. Although Staffella lacunosa is abundant in the Hueco group, silicification 
and/or recrystallization completely obscures the interiors of most specimens. Attempts 
were made to prepare thin sections of some 50 specimens from various parts of the col- 
umn in the Hueco Mountains. The specimens which I have illustrated, and on which 

my description is based, are the best of the lot. The same was apparently true of the 
material from the Glass Mountains which formed the basis for the original description. 

OccurRENCE. Staffella lacunosa is abundant throughout the Hueco Canyon forma- 
tion. Forms which may be S. lacunosa are also present in the Alacran Mountain forma- 
tion; preservation is too poor to permit of more positive identification. Ross (1959a, p. 
254) reports forms questionably identified as S$. lacunosa from the Lenox Hills forma- 
tion in the eastern Glass Mountains, Texas. 

Genus TRITICITES Girty, 1904 

Triticites cf. T. cellamagnus Thompson and Bissell 
(Plate 17, figures 5-8) 

Description. A short, highly inflated, fusiform species of medium size and consisting 
of 6 or 7 volutions, with a length of 7.0 mm and a diameter of 3.5 mm. The lateral 

slopes are distinctly convex and terminate in somewhat pointed poles. 
The proloculus is quite large, commonly exceeding 300 microns. The shell expands 

rapidly and uniformly. Chamber height is essentially uniform from the central region 
to the poles, where, however, it increases slightly. The form ratio ranges from 1.1 in the 

first volution to 1.8 at maturity, the increase occurring gradually in rather small in- 
crements. The wall is thick, consisting of a thin tectum and a well-defined, coarsely 
alveolar keriotheca. It thickens from 24 microns in youth to as much as 120 microns at 
maturity. 

The septa are only moderately folded, as evidenced by the consistent scarcity of 
septal loops in axial sections. Such folding as is present appears to be best developed at 
the poles where it extends to the top of the chambers; it gradually decreases in height 
toward the tunnel margins. 

The tunnel is moderately wide, with a relatively straight path. The tunnel angle 
increases from 20° in the early whorls to 40° in the final volution. Tunnel limits are 
well marked by distinct chomata, which show steep sides immediately adjacent to the 
tunnel and slope toward the poles. 

Discussion. Lack of an adequate sample precludes positive identification of this form 
as Triticites cellamagnus ‘Thompson and Bissell. However, such material as is available 
suggests identity, especially in general size, diameter of proloculus, overall profile, and 
degree of septal folding but differs in that it is slightly smaller for a given number of 
volutions and displays more pronouncedly convex lateral slopes. 

OccurRENCE. Triticites cf. T. cellamagnus is found in the Hueco Mountains at 
Locality 1 in association with Schwagerina aff. S. grandensis Thompson in the upper 
member of the Magdalena limestone, in what are referred to herein as the Bursum beds. 
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TABLES 

MEASUREMENTS OF TRITICITES 
cf. JT. CELLAMAGNUS 

YPM YPM YPM YPM 
Volution 22545 22546 22547 22548 

Radius 0 .16 a7 a2 .10 

vector 1 23 .28 .20 .18 

(mm) 2 5) .42 .36 34 
3 TAO) .65 105) 50 
4 95 .90 ahs) 7h 
5 25 1.20 1.10 1.00 
6 1.60 1.60 1.40 1235 
7 1.95 = iO — 

Half 0 45 wil les sata 
length 1 225 36 25 RY 
(mm) 2 45 .60 44 “5h 

3 .90 .90 .76 85 
4 1.20 1235 1.10 1.30 
5 1.80 1.80 1.60 ieee) 

6 2.20 2.70 210 2.40 
7 3.00 — 3.40 — 

Form il ibe al 1.3 Ikea 1.8 

ratio 2 3 1.4 2 16 
3 1-3 1-4 1.4 hes 
4 123 15 5 ii 
5 1.4 125 ees 18 
6 1.4 bef 15 1S 
7 15 —— 2.0 a 

Tunnel 1 12 pH 20 20 

angle 2 17 26 26 21 
(°) 3 17 30 24 22 

4 25 23 40 22 
5 30 32 40 27 

6 40 a= — — 

Wall 016 016 016 016 

thickness 024 040 .032 032 

(mm) 032 056 .040 040 

TIA NP WN KO 

© (ee) So (=) ee) & (=) oe) i=) (>) ~JI ie) 
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Triticites powwowensis Dunbar and Skinner 

(Plate 25, figures 1-6) 

Triticites powwowensis Dunbar and Skinner, Texas Univ. Bull. 3701, p. 617-619, pl. 48, 

figs. 1-12, 1937. 

Description. A rather small, evenly fusiform species, attaining 5 or 6 volutions, with 
a length of 7 or 8 mm and a diameter of 2.5 to 3.0 mm. The poles are subacutely 
rounded. 

The proloculus is of medium size with an average outside diameter of 200 microns. 
The first volution is short and pronouncedly convex but succeeding volutions are con- 
siderably more elongate and the form ratio increases steadily to as much as 3.0 at 

TABLE 26 

MEASUREMENTS OF TRITICITES POWWOWENSIS 

YPM YPM PM YPM 
Volution 22582 22583 22584 22585 

Radius 0 Slnl .06 .10 10 
vector 1 220 te .18 22. 

(mm) 2 40 17 .30 35 
3 .60 30 .50 50 
4 .90 50 .90 80 
5 1.20 .90 1325 15 
6 1.60 1.20 a — 

Half 0 12 07 .10 10 

length 1 32 13 .28 32 
(mm) 2 80 38 44 60 

33 1.25 .70 1.10 1.310 
4 2.30 1.25 2.00 1.90 

5 3.00 2285 3.30 3.05 

6 4.00 3.70 — —_ 

Form 1 1.6 | 1-6 1-5 
ratio 2 2.0 22 4.5 s Wey 

3 2A 2.3 2.2 2A 
4 236 225 72 2.4 

5 2.5 2.4 2.6 7M | 

6 2.5 3.0 —_ — 

Tunnel 1 29 31 34 35 

angle 2 30 32 29 31 

(2) 3 37 31 49 63 
4 59 72 38 54 
5 41 By — a 

Wall 0 024 008 024 016 
thickness 1 040 008 .024 024 
(mm) 2 048 016 .024 040 

3 064 032 056 056 
4 096 056 096 096 
5) 128 .064 072 ty 

6 104 064 —- —_— 
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maturity. A vaguely defined but nonetheless discernible juvenarium of 3 or so volutions 
is followed by more rapid inflation in the next one-fourth volution. The whorls then 
increase rapidly in height, and in axial section the shells appear rather loosely coiled 
with each volution becoming higher from the middle of the shell toward the poles. 

The wall is of medium thickness, even in the early whorls; it increases gradually 
from about 25 microns in the early volutions to as much as 128 microns in the penulti- 
mate volution, and then decreases slightly in the final whorl. Narrow chomata are well 

developed in (and restricted to) the juvenarium; they are associated with a secondary 
deposit that commonly floors the tunnel. The wall consists of a tectum and a well- 
defined keriotheca. 

The lower portions of the septa are regularly and rather strongly folded, producing 
rounded and somewhat irregular septal loops in axial section. Septal pores are abundant 
but rather small; they appear to be present only in the outer whorls. The tunnel angle 

is narrow in the early whorls and then, coincident with the slight increase in rate of 
expansion and loss of chomata, widens rapidly; tunnel angle values tend to be irregular 
in the outer volutions, ranging from 40° to 70°. 

Discussion. The authors (Dunbar and Skinner, 1937, p. 618) assigned the species to 
the genus Triticites, noting that although the septa were more intensely folded than is 
usual in Triticites, chomata were conspicuously developed; they believed it represented 
a transtitional stage between Triticites and Schwagerina. Examination of a sample of 
topotype material of some 20 axial sections revealed considerable individual variation; 
certain forms possess characters that ally them most closely with Triticites whereas others 
are more typically Schwagerina and a complete gradational series can be demonstrated 
between these two extremes. 

Triticites powwowensis may be readily distinguished from P. texana Dunbar and 
Skinner by its smaller size, smaller proloculus and less pronounced change in rate of 
expansion; from Tvriticites uddeni Dunbar and Skinner by its larger proloculus, larger 
size, stronger chomata and less strongly folded septa; from P. grinnelli ‘Thorsteinsson by 
its smaller proloculus, strong and regular folding of the basal margin of the septa and 
lack of pronounced change in rate of expansion. 

OccurRENCE. Triticites powwowensis was originally described from, and is restricted 
to, the basal portion of the Hueco Canyon formation in the Hueco Mountains, Texas. 



LOCALITY REGISTER 

Collecting localities in measured sections are included in the descriptions of the 
measured sections; the locality designation corresponds to the section and bed number 
(i.e. the first number indicates the measured section and the second the bed number). 
Collecting localities which are not in measured sections are included herein and are in- 
dexed by both the number corresponding to the locality numbers on the geologic map 
(fig. 1, frontispiece; Williams, 1962) and the code number used in my field notes. The 
latter consists of four parts: (1) an abbreviation of the name of the map (e.g. HT-Hueco 
Tanks); (2) the size of the quadrangle in minutes; (3) the pertinent ninth of the map as 
divided by parallels and meridians (e.g. northwest, north, northeast, west, center, east, 
southwest, south, and southeast); (4) the locality number within that ninth. A list of the 

topographic maps and their abbreviations follows: 

HM—Hueco Mountains, 15 minute, Texas 
HT—Hueco Tanks, 7.5 minute, Texas 

HWW—Helms West Well, 7.5 minute, Texas 
BL(SW)—Bassett Lake (Southwest), 7.5 minute, New Mexico-Texas 

[photographic enlargement of southwest part of Bassett Lake 
(1943), 15 minute quadrangle] 

Magdalena limestone 

1. HT-7.5-SE-1 Upper division (Bursum beds), 0.5 milles WNW of hill 5226; 
fusulinids in matrix; Schwagerina aff. S. grandensis, Triticites cf. 
T. cellamagnus. 

2. HT-7.5-E-3 Upper division (Pseudoschwagerina beds), south side of Hueco 
Canyon, 0.5 miles NW of hill 5360; fusulinids in matrix; Pseudo- 
schwagerina sp., Triticites sp. 

3. HT-7.5-E-4 Upper division (Pseudoschwagerina beds), north side of Hueco 
Canyon, 0.2 miles SSW of hill 5280; fusulinids in matrix; Pseudo- 

schwagerina sp., Schwagerina sp., Triticites sp. 
4. HT-7.5-E-5 Upper division (Pseudoschwagerina beds), 0.2 miles south of Juan 

Peak (hill 5522); free specimens; Pseudoschwagerina sp. 

Hueco Canyon formation 

5. HM-15-W-18 Powwow member, south side of ridge north of U. S. Highway 
62-180 in Powwow Canyon near roadside rest; free specimens; 

Pseudoschwagerina beedei, Schwagerina bellula, Triticites pow- 
wowensis. 

6. HWW-7.5-NE-1 Powwow member, saddle on ridge north of entrance to Powwow 
Canyon, 0.4 miles WNW of hill 5460; free specimens; Pseudo- 

schwagerina beedei, P. texana, Schwagerina bellula, Triticites 

powwowensis [Dunbar and Skinner (1937) locality 73]. 
7. HT-7.5-SE-2 Powwow member, escarpment southeast of Hueco Tanks; 0.3 

miles NNW of hill 5368; free specimens; Pseudoschwagerina 

texana, P. uddeni, S. knight. 

8. HT-7.5-NE-3 Powwow member, along Rimrock, 0.5 miles WNW of hill 5548; 

free specimens; Pseudoschwagerina geiseri, P. texana, P. uddeni, 
Schwagerina huecoensis. 

9. HM-15-W-17 Roadcut on north side of U. S. Highway 62-180, 1.4 miles WSW of 
Hueco Inn; free specimens; Monodiexodina bispatulata, Pseudo- 
schwagerina beedei, P. texana, Schwagerina bellula. 
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LOCALITY REGISTER 79 

HM-15-W-1 Roadcut on south side of U. S. Highway 62-180, 0.4 miles west of 

Hueco Inn; fusulinids in matrix; Monodiexodina bispatulata, 

Pseudoschwagerina texana. 
HWW-7.5-NE-2 Northwest side of peak (hill 5460) on ridge north of entrance to 

Powwow Canyon, 100 feet below peak; fusulinids in matrix; 
Monodiexodina bispatulata, Pseudoschwagerina beedei, P. texana, 

Schwagerina bellula, Staffella lacunosa. 
HWW-7.5-NW-1 Projection south from hill 4884; fusulinids in matrix; Pseudo- 

schwagerina texana, P. uddeni, Schwagerina bellula. 
H1T-7.5-SW-2. End of ridge just north of Old Butterfield Trail, 0.4 miles NE 

of elevation 4287; fusulinids in matrix; Pseudoschwagerina tex- 

ana, Schwagerina bellula. 

HM-15-NW-20_ Bed of southwest-draining intermittent stream 0.6 miles due west 
of hill 5590; fusulinids in matrix; Pseudoschwagerina texana. 

HM-15-NW-10 Bed of west-draining intermittent stream 0.8 miles WSW of 
Naville Mountain (hill 6064), immediately downstream from 
ranch road; fusulinids in matrix; Monodiexodina bispatulata, 

Pseudoschwagerina texana, Schwagerina bellula, S. emaciata. 

HM-15-NW-18 East side of ridge 0.4 miles northwest of Cement Tank, north- 
west of Cerro Alto; free specimens; Pseudoschwagerina uddeni, 
Schwagerina thompsoni?, S. emaciata. 

[BL(SW)-7.5-SW-2] Southeast end of northwest-trending ridge, Wallbridge Tank, 

southwest portion of the Bassett Lake 15-minute quadrangle, New 
Mexico-Texas; fusulinids in matrix; Pseudoschwagerina texana, 

P. uddent, Schwagerina bellula, S. knightt. 

[BL(SW)-7.5-SW-1] Hill 0.5 miles southeast of Little Cement Tank in the south- 
west portion of the Bassett Lake 15-minute quadrangle, New Mex- 
ico-Texas; fusulinids in matrix; Pseudoschwagerina texana, P. 

uddeni, Schwagerina knightt. 

Cerro Alto limestone 

19: 

20. 

2s 

Ze 

Zoe 

24. 

25. 

26. 

al fe 

HM-15-W-3 Hillside on west side of ranch road which parallels Hueco Moun- 

tains on east side of the escarpment, 0.4 miles north of U. S. High- 
way 62-180; fusulinids in matrix; Schwagerina eolata, S. neolata 

[Thompson’s (1954) localities T-236 through T-238]. 
HM-15-W-15 Bed of west-draining intermittent stream at foot of escarpment 

0.8 miles SSW of Alacran Mountain (hill 5706); Schwagerina 

neolata. 

HM-15-W-14 Base of hill at north end of Alacran Mountain, 0.4 miles NNW of 

hill 5706; free specimens; Schwagerina neolata. 

HM-15-W-9 North end of northeast trending ridge, 0.8 miles north of Alacran 
Mountain (hill 5706); free specimens; Schwagerina neolata. 

HM-15-W-12 Southward projection of escarpment 0.4 miles due south of hill 
5643; fusulinids in matrix; Schwagerina eolata. 

HM-15-NW-3 Upper part of Hueco Canyon, ridge northwest of Goat Tub 
Tank; fusulinids in matrix; Schwagerina eolata. 

HM-15-NW-19 Bed of small tributary stream, 0.9 miles due south of Cerro Alto 

(hill 6717); fusulinids in matrix; Schwagerina eolata. 
HT-7.5-SW-1 Hillside 0.75 miles WNW of hill 4996; free speciments; Schwa- 

gerina neolata. 
HM-15-NW-8 _ Bed of west-draining intermittent stream west of Naville Moun- 

tain, 0.6 miles east of the ranch road which parallels the Hueco 
Mountains escarpment on the east side; fusulinids in matrix; 

Schwagerina eolata, Schwagerina neolata. 
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28. HT-7.5-NE-1 

29. HM-15-NW-9 

South bank of southeast-draining intermittent stream, 1.2 miles 

NNE of Juan Peak (hill 5522); free specimens; Schwagerina 

eolata. 

Southeast of Daily Hill; fusulinids in matrix; Schwagerina eolata, 

S. neolata. 

30. [BL(SW)-7.5-E-1] Saddle in ridge, 0.6 miles ENE of Mountain Tank in the south- 
central portion of the Bassett Lake 15-minute quadrangle, New 
Mexico-Texas; fusulinids in matrix; Schwagerina neolata. 

Alacran Mountain formation 

31. HM-15-NW-11 

32. HM-15-NW-22 

33. HM-15-NW-7 

Bed of southwest-draining intermittent stream which flows into 
earth tank 0.2 miles NNE of Goat Tub Tank; fusulinids in matrix; 

Pseudoschwagerina texana. 
Immediately southeast of Cerro Alto along ranch road leading 
out of Hueco Canyon to Menzies Ranch; near top of northwest- 
facing escarpment; fusulinids in matrix; Pseudoschwagerina 
texana. 

Immediately south of Cerro Alto along ranch road leading out of 
Hueco Canyon to Menzies Ranch; first limestone above Deer 
Mountain red shale member in north-facing escarpment; free 
specimens; Pseudoschwagerina gerontica, P. uddeni, Schwagerina 
diversiformis. 



MEASURED SECTIONS 

MEASURED SECTION 1 IN CANYON NORTH OF 
POWWOW CANYON, CENTRAL PART OF HUECO MOUNTAINS, 

TEXAS 

Base of measured section of Powwow member (fig. 7, sec. 1) is on the north side of 
ridge (hill 5460) north of Powwow Tank, 0.8 miles east southeast of earth tank at mouth 
of canyon north of Powwow Canyon and is continuous with base of measured section 
of Hueco Canyon formation and Cerro Alto limestone in canyon bottom at fork 0.4 miles 
due north of hill 5454. 

Permian 

Alacran Mountain formation: 

32. Limestone, light olive gray, thick- and very thick-bedded; stylolites; silici- 
hed braciopod. fauna, of Timited Variety. 0.2 +. sie0/6m..010 8% 3,45 yas 6 = 

Cerro Alto limestone: 

31. Covered; probably limestone, medium gray, medium bedded .......... 

J0eimestone; sight olive pray, thick-bedded! << ys «jcc ne's s)¢0.npean 2 00 0lo 012 = 
29. Covered; probably limestone, medium gray, medium-bedded; fusulinids 

in matrix at base; Schwagerina eolata, S. neolata ............+...-+.- 

28. Limestone, medium gray, medium-bedded; fusulinids in matrix; Schwa- 
RENEE OULU ee Son MLC OU Die Syste oe sceie aol d tek a! old ot dess ale tel sie) ct iacafal ah a/ndane le Say eke 

Zi-emmestone,-medivum pray, medim-bDedded << oi.\c wees ore =, 6 sieepsje oslo ins < 
26. Marl, medium gray, medium-bedded, interbedded with limestone, medium 

pray, medium-bedded; undulatory Wedding 6.5. 6 oie wahoo a oe eis hess oes 

25. Limestone, light’ sray, medium- and, thick-bedded ..............00+: 

24. Marl, medium gray, medium-bedded, interbedded with limestone, medium 
gray, medium-bedded; undulatory bedding ......... 5.0.22. c02s-s05- 

23. Limestone, medrum eray, medium-bedded :. 2.2.52 0c.s0c-- cn ccee cnn 
otal thrckness: Cerro: Alto: limestone ''.)...0 6 ifs core oe wile ce aie Be wine weiss 

Hueco Canyon formation: 

22: 
Palle 
20. 

1S: 

18. 

Mie 

16. 

iunestone, light pray, medium- and thick-bedded ............0.02200 
Limestone, light gray, medium- and thick-bedded; chert nodules ........ 

Limestone, light olive gray to olive gray, medium- and _thick-bedded; 
fusulinids in matrix 24 and 36 feet above base; Monodiexodina bispatu- 
lata pScrmacerimanDelliula, Sa CMACALA. \.075.cle'siisiclumehe 21-1 eels eld els) aimee 

Limestone, light olive gray, medium-bedded, fusulinids in matrix 8 feet 
above base; Monodiexodina bispatulata, Pseudoschwagerina texana. .... 

Limestone, light olive gray, thick-bedded; fusulinids in matrix, Staffella 

at base, 28 and 90 feet above base; Psewdoschwagerina beedei, P. texana, 

Pruddent, Schwagerina Dellitla, S. CMaACiIG.. «2 2.0 0/x/10 210 «ela see wieare als 

Covered; probably limestone, light olive gray, medium-bedded; 4 foot bed 
of resistant limestone, medium light gray, medium-bedded, bearing fusuli- 
nids in matrix; Psewdoschwagerina texana, P. uddeni, Staffella ........ 

Limestone, light olive gray, thick-bedded; stylolites .................- 
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15. Limestone, light olive gray, medium-bedded; undulatory bedding; chert 

nodules; fusulinids in matrix in upper half; Pseudoschwagerina beedet, 
P. texana, P. uddeni, Schwagerina bellula, S. emaciata, Staffella ........ 1] 

IZ limestone: licht olive oray, thick-bedded) « .'0.5..\0.c)ecy120 <1 oleic eee 18 
13. Covered; probably limestone, medtum-bedded) 2... 30. 22 02 ee © oe eile 10 

12. Limestone, medium light gray, thick-bedded; Staffella ................ 8 
11. Limestone, medium light gray, medium-bedded; fusulinids in matrix; 

Pseudoschwagerina beedei, P. texana, Schwagerina bellula, Triticites 

ORIN UCTISES Wie lavatale aici ¢.5 1 <6! je fe! sfolelers (nfo) s eroiaie. 9.2/0) area 23 eet alata a 26 
10. Limestone, medium-gray, thin-bedded, undulatory bedding; fusulinids 

in matrix; Pseudoschwagerina texana, Schwagerina bellula, S. emaciata, 

STALICELES (POWWOWCNSIS! |. o's wate = epee, shor steynte) a5, 9 nese) scale eon = ana 15 

9. Limestone, pale yellowish brown, massive interbedded with covered inter- 

vals, probably thin-bedded limestone; Monodiexodina linearis?, Pseudo- 

schwagerina beedei, P. texana, Schwagerina bellula, S. knighti, Triticites 

POUUOWENSIS. Ciarcleie cee? ass ac 05 /aj0e 2) elena the = ehepeie ele e, exctee > «thee 29 

Thickness Hueco Canyon formation above Powwow member ............-. 469 

Powwow member of Hueco Canyon formation: 

8. Marl, light gray, medium-bedded; undulatory bedding; nodules of dark- 
OT AVCNELE ca ieysire' ie 5 nis15 (ogee o syo es # nisin © 89.6.0 5.4 duape yoim oats) shoei 11 

7. elmestone, olive-eray, medium-bedded -... 0... 1. 0+ eens ae eee 4 
6. Covered; probably calcareous mudrock, dark reddish-brown changing to 

light gray, medium-bedded marl with undulatory bedding at top ....... 21 
5. Conglomerate, pebble- and cobble-size fragments of limestone and chert, 

interbedded with calcareous mudrock, dark reddish-brown ............ 29 
4. Covered; probably calcareous mudrock, dark reddish-brown ........... 6 
3. Conglomerate, pebble- and cobble-size fragments of limestone and chert; 

ovetliain by thin layer Of sandy limestone... ..15 lie 3.) 2 2 -- sebate eee 6 
2. Covered; probably calcareous mudrock, dark reddish-brown .......... 1] 
1. Conglomerate, pebble-size fragments of limestone and chert .......... 6 

atal thickness (POWWOW, MEMIDET ... 2/01 6. «acc 2 oe co cinje a Nala ea eee 94 
Woralthickness taucco Canyon, formation 6 ..-5 2 6 ic. sje > «22's ole 563 

Upper division of Magdalena limestone (in part): 
Rumestone; light gray, medium-bedded 5: o..5< .ee sss = + sine los «0 siemens eee 4 

MEASURED SECTION 2 AT ALACRAN MOUNTAIN, 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Base of measured section (fig. 7, sec. 2) in bottom of canyon on south southwest side 
of Alacran Mountain. 

Permian: 

Alacran Mountain formation: Ft. 

13. Limestone, light olive gray to olive gray, medium-bedded; undulatory 
bedding; fusulinids in matrix 60 feet above base; Schwagerina nelsoni .. 75 

12. Limestone, light gray to medium light gray, very thick-bedded ......... 25 
11. Limestone, light olive gray to olive gray, medium-bedded, undulatory 

bedding; chert nodules; fusulinids in matrix at top; Psewdoschwagerina 
COMPEN eoiis (ois. 1/0 aie) so lays 0 dese eet lars eveneiels 5 ak e's BAe ktgetele Rested ee hereon yee 29 

10. Limestone, light gray to medium light gray, very thick-bedded .......... 10 
9. Limestone, light olive gray to olive gray, medium-bedded; undulatory 

Loigotsiic\ ae ee SS a eee Peer earn Me ear costs mec Ae SAS. 75 
Thickness of Alacran Mountain formation above Deer Mountain member .. 214 



MEASURED SECTIONS 

Deer Mountain red shale member: 

8. Covered; indications of reddish-brown calcareous mudrock from 30 to 

65 feet above base overlain by scattered outcrops of brown marl 
Thickness of Deer Mountain red shale member ..............-..00s-secce- 

Alacran Mountain formation below Deer Mountain member: 

7. Limestone, light olive gray, thick-bedded at base becoming thin-bedded 
RO REI OVO) Comet ond Oa D Oe MO COS DOC OGD On ORS Din MBO. Sida Soloed Co Hib tod 

6. Covered; probably marl, light olive gray to olive gray, thick-bedded; 
EMC ALOR Ve DEOGING: fe o.210:5 oe sclera 5 (uns aioli nua prio wrajeis sie %e. co ore eons ota 

5. Algal limestone, light olive gray, bedding not discernible; 10 feet of light 
olive gray to olive gray, thin-bedded limestone in middle of unit; fusu- 
iMIGS sae MAALTIX» PSCUCOSCRWAZETING CONUCKG a cis 0) 2) op0¥e) cho) aholsi y= 66 »'6 6.0) 18 

Thickness Alacran Mountain formation below Deer Mountain member .... 

Motalsthickness-Alacran! Mountain*tormation™s .. ace ceo es see oe eee eee 

Cerro Alto limestone: 

4, Covered; probably marl, light olive gray to olive gray, medium-bedded; 
bedding somewhat wumdulatory, <<. 25 6 << c.0 ein olsioaic eo -jersiee!s «0% ceualas als 

3. Limestone, light olive gray to olive gray, medium-bedded; undulatory 
eco rins CR CER ECE NRS Bos He eino nba beeen nia oc Hah oO. ohtS Sono Boomaos ceases 

2. Covered; probably marl, light olive gray to olive gray, medium-bedded; 
UIUC ACO Ey aC GIG ys, edare ol ovteret tcbeve ssh cree cial oh ene avaiet ake 21a rekava) weal Vote tas elei slices, o.< 

1. Limestone, light olive gray to olive gray, medium-bedded, silicified Com- 
posita, Wellerella, omphalotrochid gastropods; fusulinids in matrix; 

SG UDR ZATIEC: COLLINS OB 0 ESBS RA So Uno DO OHEDIOad BS SUR DaceSee eS Seis 
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MEASURED SECTION 3 IN ESCARPMENT SOUTH SOUTHEAST OF HUECO 

TANKS, CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Base of section (fig. 7, sec. 3) southwest of hill 5226; section extends from base of 
escarpment to saddle southeast of peak. 

Permian: 

Hueco Canyon formation: 

11. Limestone, light gray, medium-bedded; scattered chert; fusulinids in 
matrix; Pseudoschwagerina beedei, P. texana, Schwagerina emaciata ... 

10. Covered; probably limestone, light olive gray, thin-bedded; undulatory 
IVC MPU RN ates cepea elas oor orc tove) eater sain ve 3'oh svelte atha oka fase) esses os) eres Yel =) ei orev tance) ofeohane 

9. Limestone, light olive gray, thin- to medium-bedded; undulatory bedding; 
CLSTS petatiGis Sc. CoeE BOC EO COORD SOR OC Ie CCR ania aoc 

8. Limestone, light olive gray, thick-bedded; stylolites ...............++46- 
7. Limestone, light olive gray, medium- and thin-bedded; alternating re- 

sistant ledges and covered intervals; fusulinids in matrix 25 and 30 feet 
above base; Pseudoschwagerina beedei, P. texana, Schwagerina bellula, 

SMONIDECECLE CERN Paderarel es ek fcl hey Seeeap spelt ay siiaks (2 oeeYaNaie yao oe cl sumleNorsi aia foie) oehateynnts stelal 
6. Limestone, light olive gray, thin-bedded; undulatory bedding; fusulinids 

in matrix; Pseudoschwagerina texana, P. uddeni, Schwagerina emaciata .. 

5. Limestone, medium gray, thin- to medium-bedded; upper and lower 
portion with undulatory bedding; middle portion thick-bedded ........ 

4. Limestone, medium light gray, medium- to thick-bedded .............. 
3. Limestone, light olive gray, thin- to medium-bedded; undulatory bedding 

Ft. 
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Powwow member of Hueco Canyon formation: 

2. Covered; 5-10 feet of thin-bedded, marly limestone with undulatory 
bedding at top; 5 foot thick ledge of light olive gray limestone 22 feet 
below top of covered interval bearing fusulinids in matrix; Pseudo- 
schwagerina beedei, P. uddeni, P. texana, Schwagerina bellula, S. emaciata 180 

Upper division of Magdalena limestone: 
1, Enmestone) light olive’eray,: thick-bedded) <1...) ..£%". 2:2 0. ae eee 15 

Covered 

MEASURED SECTION 4 AT DEER MOUNTAIN, 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Base of measured section (fig. 7, sec. 4) in bed of south southeast draining intermittent 
stream and measured on south side of hill 5882, Deer Mountain. 

Permian: 

Alacran Mountain formation: Ft. 

10; Limestone; light olive gray, very, thick-bedded  . ..<.-,<.2.<.2,0,0,5.« selena 18 
9. Limestone, light olive gray, medium-bedded; chert nodules .......... 24 
8. Limestone, light olive gray, very thick-bedded .................++-- 15 

Thickness Alacran Mountain formation above Deer Mountain member .. 57 

Deer Mountain red shale member: 

7. Limestone, medium light gray, medium-bedded; undulatory bedding, 

Chentenodulesy aia. soho wr Sack Sa a She wis eat Rad Sereeencaeyelers RCs 29 

Ce COV. CT OC yore erate ees oy atone ev areie vio han iss SHDURNS Tain bd ee layladiel Syd A Sea) arene; opel OROte SIMS 55 

5. Limestone, light olive gray to olive gray, medium-bedded; discontin- 

MIQUIS By OXPIOSCO a rerstele og ieee are tere ale eterna) © woherionas oT eue i. Suchet yeaieke ts Se of 8 

4. Covered; probably a reddish-brown calcareous mudrock ............ 30 

Thickness Deer Mountain’ red shale: member... <2. o< .cs0+0s55 2s 5pee 122 

Alacran Mountain formation below Deer Mountain member: 

3. Limestone, medium light gray to medium gray, medium-bedded ...... 85 
Thickness Alacran Mountain formation below Deer Mountain member .. 85 

dhotal thickness Alacran) Mountainttonmation: ~.. «iene ce ciel cenaite ae 264 

Cerro Alto limestone: 

2. Covered; probably limestone, light olive gray, thin-bedded .......... 70 
1. Limestone, light olive gray, medium-bedded; undulatory bedding ..... 40+ 

MEASURED SECTION 5 IN ESCARPMENT SOUTHEAST OF 

HUECO TANKS, CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

After King, et al., 1945 

Base of section (fig. 7, sec. 5) southwest of hill 5368; section extends from base of 
escarpment to saddle 0.3 miles southeast of peak [measured section L-1 of King, et al. 
1945]. 

Permian: 

Hueco Canyon formation: Fe 

5. Limestone, light-gray, medium- and thick-bedded .................... 49 
4, Limestone, light-gray, medium- and thick-bedded .................... 56 



MEASURED SECTIONS 85 

3. Limestone, light-gray, medium-bedded; cherty .................2000- oo 
2. Limestone, light-gray, medium- and thick-bedded; fusulinids in matrix 

30, 60, 65, and 75 feet above base: Pseudoschwagerina beedei, P. texana, 

P. uddeni, Schwagerina bellula, S. emaciata, S. knighti, Triticites pow- 

TOTES CS eased a tates MoMA at eres acca Gils san a aiateyes sets ie, fie so) 6 «ofa aus avers Gone wa fone aiceele 134 
1. Limestone, light-gray, thin- and medium-bedded; cherty; fusulinids in 

matrix at base and 7 feet above base; Pseudoschwagerina beedei, P. 
texana?, Schwagerina bellula, S. emaciata, Triticites powwowensis ...... 40 

MEASURED SECTION 6 SOUTH OF MENZIES RANCH HEADQUARTERS, 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Base of measured section (fig. 7, sec. 6) at mouth of west draining intermittent stream 
on west side of ridge immediately east of Tank No. 1; measured upstream to the east 
and southeast. 

Permian: 

Alacran Mountain formation: Ft. 

11. Covered, occasional ledges of olive gray, medium-bedded limestone, 
ECM AD aT EL VAAN, eta jaevorelegtate oa \atac evaels ace, chee @ ayede wlels s/disidie sie. emia 40 

LO Eumestone, olive eray, thick-bedded’ 1.1.2. j2s qc veloec cciee 2+ eisiee's ce oss 6 
9. Interbedded light olive gray to olive gray, thin-bedded limestone, and 

covered intervals, probably marl, grayish orange; fusulinids in matrix 
20 feet above base; Schwagerina crassitectoria, S. franklinensis .......... 54 

8. Limestone, light olive gray, medium-bedded; fusulinids in matrix; Schwa- 

OBES GLE OSIN LOA OOP IED BS TREE ie RN LAE RTCA ON a RAE aS 6 
7. Covered except for a medial 10 feet thick ledge of light olive gray to 

olive gray, medium-bedded limestone; probably marl, grayish orange .... 36 
G2 Eemmestone, light oliveoray, medium-bedded <2... 05.252 000 ons ces oes 16 
5. Limestone, light olive gray to olive gray, medium-bedded; undulatory 
PISCE Ret Ara er etans noisier vie & 6) vin aiia'e wg Asie 4 evi otaln oe MPO MRIS Srevolttatah or are etn ae 

4. Limestone, light olive gray to olive gray, medium-bedded; undulatory 
SSS. Wee OOo dog HOU IO COG ES COND ORE TOC TOUR oe OD Oa Or 35 

3. Covered; probably limestone, light brownish gray to brownish gray, 
medium-bedded:undulatory DEdGing .cj..5 4.1. ais «210.6 0:4) 06) 6 20 0 21a,e piso seh s 60 

2. Limestone, light olive gray to yellowish gray; medium-bedded; undula- 
(ROIS Inve Celine 8G oan boon Coo DD Ooo AO GET TOO SDE 6 Do oCumEr Oe Doe cris bic 56 

1. Limestone, light olive gray and olive gray, thick-bedded; undulatory 
[Ded OHinee Os Saou on CUB OUND CANO RCO Or DOO an OO om Orn Gemcn mene decor 24 

Thickness Alacran Mountain formation above Deer Mountain member .... 360 

Deer Mountain red shale member 

MEASURED SECTION 7 IN HUECO CANYON 

CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Base of measured section (fig. 7, sec. 7) is in canyon bottom, 1.7 miles east northeast of 
ranch headquarters at Hueco Tanks, south side of canyon. 

Permian: 

Alacran Mountain formation: Ft. 

31. Limestone, light olive gray to olive gray, thin-bedded; undulatory bed- 
ding; chert nodules; small fauna of silicified brachiopods) 5 acess.ecre 20+- 
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Cerro Alto limestone: 

30. 

29: 

20. 

Covered except for 6 feet of medium light gray to medium gray, me- 
dium-bedded limestone at base; probably a medium gray, medium- 
PISCE CHMENIAD Pet tet ake eieto jo o's) 50 /s)e a. stereo lal sate Wh A/a Ooi wio tec tae ee 
Limestone, light olive gray to olive gray, medium-bedded; undulatory 
bedding; chert nodules; fusulinids in matrix at base; poorly preserved 
productid brachiopods about 30 feet above base; Schwagerina eolata 

. Limestone, light olive gray to olive gray, medium-bedded; undulatory 

bedding scattered chert) NOGUIES® « s.. <. sis <.cie:hio's «js 4 e5e ool se 

1 LOVENGA bas sbB SGridin BUS nes Ado Gan Jed AGUS MORAGA oe Samp acbInnsoc« - 
. Limestone, light olive gray to olive gray, medium-bedded ........... 
. Covered, scattered outcrops indicate medium-bedded marl with un- 
dulatory bedding; fusulinids in matrix; Schwagerina neolata ........ 

. Limestone, medium gray, medium-bedded with thin interbedded lay- 

ers of marl; undulatory bedding; poorly preserved omphalotrochid 
ASELOPOCU Sates Gerd of.e%s. e's ela d daisies to aiaieusle ts wen eee Oe die a ee clea 

. Limestone, medium light gray and medium gray, medium-bedded; oc- 
Gastonalinterbedsvol laminated marl 244540 sce eee 

. Covered; occasional edges of thin-bedded limestone; probably inter- 
bedded medium light gray limestone and light olive gray marl, both 
medium-bedded; poorly preserved omphalotrochid and bellerophontid 
gastropods; somewhat prominent ledge of thin-bedded, fusulinid- 
bearing limestone about 8 feet above base; Schwagerina eolata ...... 

. Limestone, light olive gray to olive gray, thick-bedded; undulatory 
[575.05 iri Ren ean ene ono Oona Soro on Samed aero icls oa. - 
Limestone, medium light gray to medium gray, medium- and _thick- 
bedded; undulatory bedding; poorly preserved gastropods and 
PEPSI OO Sit tete fone, cho. idiches eho ieusis wig,io eueiepscatohoRee Weles c\ece alehes ces Cane 

Motaleorekness, Eerro Alto: limestone acces cee cee oe eee 

Hueco Canyon formation: 

19. 
18. 
Mf 
16. 

io. 
14. 
i. 
12. 

i. 
10. 

sh 
8. Limestone, medium gray, thin-bedded; undulatory bedding; conspic- 

Limestone, light olive gray, thin- and medium-bedded .............. 

Covered: probably limestone,’ thin-bedded (::3..2:2:22: «<n eens 

Limestone, light olive gray, medium- and thick-bedded; stylolites .... 
Limestone, medium light gray to medium gray, medium and _thick- 
DEUCEUIO RA eins cratic scr aiateniels es 810 sale we ale alee 8 GanORIn ele Ain nn Orne 
Covered;* probably’ limestone, thin-bedded ©. :::i2ge<3 2+ eee aeeeer 
Limestone, light olive gray to olive gray, very thick-bedded; stylolites 
Limestone, light olive gray; medium- and thick-bedded ............ 
Limestone, medium dark gray, medium- and thick-bedded; undulatory 
PT CDITI Rete taars ae rete ie' pio ona) o nts glass ehaik, 4) 59.5. 6 yo, Shea ey sleinieuan Rane 
Limestone, medium-gray, thick-bedded; stylolites ..................4.- 

Covered; occasional ledges of limestone, medium light gray to medium 
maay,. medium bedded: +). 22:4. .eite necktie k ci wh etches Aiea eeu eee 
Limestone, light olive gray to olive gray; thick-bedded; stylolites .... 

uously indented weathered profile; abundant free fusulinids; Pseudo- 

schwagerina beedei, P. texana, P. uddeni, Schwagerina bellula, S. 

POTEMIE VO MLCUSONIET ie nic She visions om ee ash 0 «sea enix Se ees Cee ee 

. Limestone, light olive gray, thick-bedded; stylolites; fusulinids in ma- 
trix in lower 5 feet; Pseudoschwagerina beedei, Schwagerina emaciata 

. Limestone, light olive gray, very thick-bedded; cliff-former; stylolites; 
fusulinids in matrix at base; Pseudoschwagerina beedei, Schwagerina 

CHUTNEY, Se IMRIELE “a ois wes ss cet wot cece we TI COT TE ee ee 

28 

68 

16 

40 
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5. Covered; upper 5 feet has limestone, olive gray to light olive gray, me- 
dium-bedded, undulatory bedding; considerable medium gray chert 
which weathers medium gray and moderate brown; fusulinids in 
matrix at base; Pseudoschwagerina beedei, P. texana, Schwagerina 

(AZIDE SEAS BO CROC EROS DOC DADO CR TOUR TC CCIE OG Oe RISO RIT IOC 16.5 
4. Limestone, light olive gray, thick-bedded; some chert nodules; fusu- 

linids in matrix at base; Pseudoschwagerina beedei, P. texana, Schwa- 

PCMIUCMD CUI Ce (PA star mores cate a eine Sate eter hee eats, Wiese olcre oils stole ethene 10 
em ORO MEL EC ae ok Aalst crate: iste’ ch alat ach sh ae’ «) slot ate sisi Sy ouegats tear yabin, Shelia ove, «ane tapebgs 25 
2) Limestone, light olive gray, thick-bedded™. . 35.6000 502 60s ss se eee 18 
1. Covered; occasional resistant beds of limestone, light olive gray and 

olive gray, medium-bedded; 5 foot thick fusulinid coquina near base 

(free specimens); Monodiexodina bispatulata, Pseudoschwagerina tex- 

ERA WICLWALETING (CIMACIALE ©: .Ue iss ac fees Fed Mice dele s cue te Oe sleet 95 

Thickness Hueco Canyon formation above Powwow member ............ 606.5 

Powwow member of Hueco Canyon formation: 

Covered; outcrop of reddish-brown soil about midway up covered slope . 60 
Motalethickness Eueco Canyon formation (24.2 22/600). osrs.'o 4 dis vicvs etal oehe 666.5 

Pseudoschwagerina beds of Magdalena limestone. 

COMPOSITE MEASURED SECTION 8 IN ESCARPMENT NEAR 

JUAN PEAK, CENTRAL PART OF HUECO MOUNTAINS, TEXAS 

Units 1 through 13 measured on southwest slope of Juan Peak (hill 5522); remainder 
of section measured on ridge due north of Juan Peak in beds stratigraphically above 
those capping Juan Peak (fig. 7, sec. 8). 

Permian: 

Hueco Canyon formation: 

Wie 

16. 

Covered; discontinuous ledges of limestone, medium gray, medium- 
bedded; fusulinids in matrix 5, 10, 25 and 45 feet above base; Para- 

schwagerina shuleri, Pseudoschwagerina texana, Schwagerina bellula, 

EC LUIS eae Vf NSN a Ve Of oh ch sy ata} ot vic oh atet era rata eT Ae ah Relais ais sere ee 6 svaietat ee ere 
Limestone, olive gray, thin- to medium-bedded; undulatory bedding; 
fisolimids; im! matrix; Pseudoschwagerina’ texama SI. 2s cae sec oes ole 

. Limestone, light olive gray, thick-bedded; stylolites; fusulinids in ma- 

trix; Pseudoschwagerina texana, Schwagerina bellula ..........+00+000. 

. Covered; 15 feet of light gray, thin- to medium-bedded limestone at 
base; fusulinids in matrix at top of basal limestone; Pseudoschwagerina 
UGACIU SCHUAZCTMAVOCIUNIG Neu ctahaict sie ein ol Seta Acie oo vl acle olelele Pela niches 

. Limestone, light olive gray, thick-bedded; fusulinids in matrix at top; 

Pseudoschwacenmna texana, Piuddent ..05. fos. Sess. css ats sete somes 

. Limestone, medium light gray, thin-bedded; undulatory bedding; fusu- 

linids in matrix at base; Pseudoschwagerina texana, Schwagerina hueco- 

CLUS TS ORR NAN a EAS ah ahd OH Avahead WAM Aa dat aae had AAA So tee ee 

. Limestone, light olive gray, medium- to thick-bedded; fusulinids in ma- 
trix; Pseudoschwagerina texana, Schwagerina bellula ...........+-+++.+-- 

. Covered; probably limestone, light olive gray, thin- to medium-bedded; 

Und WatoOrys DEdGING 221. 22 sates elves oe a= Bs sos so oie ele as aaleinin eae abe 
. Limestone, light olive gray, medium- to thick-bedded; fusulinids in ma- 

trix and abundant free specimens; Pseudoschwagerina beedei, P. texana, 

P. uddent, Schwagerina bellula, S. emactata, 8. huecoensis ........+..+++- 

Ft. 

55 

110 
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8. Covered; probably limestone, very light gray, thin- to medium-bedded ..__ 10 
7. Limestone, light olive gray, medium- to thick-bedded ................-. 30 
6. Limestone, olive gray, medium-bedded; undulatory bedding; fusulinids in 
ABU A ETE Men 0 fois on tue @/cYs. a, ofa''s lave oak eetets Fakelayeusise Bietevayors Peiek inl = cisions 10 

Powwow member of Hueco Canyon formation: 

5. Covered; free fusulines on weathered slopes; Schubertella kingi, Schwa- 

Perimavellula, SCmactata, S. THOMPSORIP 5 2-5 --0(s «  sinleait ies ee 70 

Upper division of Magdalena limestone: 

AS ([Lumestone, light eray, MediUM-DEAGE |. wise ac vot Fetes siewrer 2 Rive 16 
4. ;Lamestone, very lishteray; thick-bedded 2's. .)..5).! ssi 2 9 oss see ee eee 27 
PE MGGVEMEGE pare ain: 215, stoss ies aera oys soho, 55m was Jonas sleds auto ocelot Nokes elee EN» eae eee 18 
1. Eamestone, light eray, medium-bedded) . iyocio sn cou m1 6s/> oes ee 12 

Covered 

MEASURED SECTION 9 IN CANYON SOUTH OF NEW MEXICO-TEXAS 

STATE LINE, NORTHERN PART OF HUECO MOUNTAINS, TEXAS 

Base of measured section (fig. 7, sec. 9) in canyon bottom; section measured from 
west to east on north wall of canyon; base not exposed. 

Permian: 

Alacran Mountain formation: Ft. 

31, Limestone, medium olive sray, thick-bedded «=... 22). J... 2200 ane 94 
30. Limestone, medium olive gray, medium bedded; undulatory bedding .. 19 

Cerro Alto limestone: 

29. Limestone, light gray, thick-bedded; chert nodules in upper third ...... 112 
28. Limestone, medium olive gray, medium- to thick-bedded; undulatory 

BGG a a5) 2a: Patek eee Spee Sin cle fs eyelet che Sela <i dl. Sieh wis ate See 28 
27. seamestone, darkyeray, thick bedded iy.\asc)aysi5.2! Siu aoe buerets)n\ « olcly elo eh eeteieenetete 15 
26. Limestone, olive gray, meduam-beddeds js <tc 's.-, fia wieraecte ete ig eee 20 
25. Limestone, medium dark gray, very thick- and thick-bedded .......... 55 
24. Limestone, medium gray to dark gray, medium-bedded; undulatory 
a(S 00o Ii Sean Eso uo ob ODOC Oo COUNE OOOO co SCG nccanoos. 27 

7a BO Gyifo eld MRED G Sa DOOR cs ae bt POGOO MCU Genre Meese eco cc Sa 39 
22. Limestone, dark gray, thick-bedded «5 /:..):) “2/20 islow seals. La eee 7 
21. Covered; ledges of thin- and medium-bedded limestone discontinuously 

EXPOSER 55 /.\5ioycssaege ase scisye) stn eter ee eee ies Sei Slo ea WORN ae ae 46 
20. Limestone, medium» dark, gray. ithick-bedded) 46 2/.<..2% <2 <a 14 
19. Iimestone, medium dark gray, medium-bedded. . .)4.... 20. «sade sie eels oe 28 

EG IO OREG. a, 5:'s ie 25 Ware posile dha tepenieeeyaion si icaie’ as So lasted eae! as ide) anche 21 
17. “Limestone; medium dark: ¢ray, thiek-bedded) .)...0.)s2 .s.)scak hapa 25 

Gs AROS VEE ECE 5. 5 cree ese niere coe oyefelepotetetey Cols iewisbeeVor sien «,eieceksia,che) ee reieisckeic he teen if 
15. Limestone, olive gray, medium-bedded; undulatory bedding ........... 17 
Wotaltthickness Cerro Alto. limestone *. 6. 6.06)0.5<\0ats scene ean Gwee querer 465 

Hueco Canyon formation: 

14. Limestone, light brownish gray to brownish gray, medium- and _thick- 
BES E os o's, while fain & raj nciatateeer Syereia)s leistalat unser eiee’s tsisehotatantan eibiee See ee 32 
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Limestone, light olive gray to medium olive gray, thick-bedded; chert 
NAUGGULC SEP oy tment AAPA, oo. u a. oso atetianenocaiy-o poles asd atoteiesinr aie savela RRRGIES 

Covered; probably medium-bedded limestone; fusulinids in matrix at 

base, 30 feet above base; Pseudoschwagerina beedei, P. uddent, P. texana, 

schrunperinag puellula; (S. eCmactata, S. RMGGRE os 00/5 5 «lone 6s derena'e wire ose 

. Limestone, light olive gray to medium olive gray, thick-bedded; scattered 
chert nodules; fusulinids in matrix 39, 43, and 66 feet above base; Pseudo- 

schwagerina beedet, P. texana, P. uddeni, Schwagerina bellula, S. emaciata, 

SSW ECU Ss Be © Geo CSO IAG TOOT Er HOC nr ck MORE Aen, eae nee Meter ee ek 

. Limestone, medium-bedded, interbedded with thin-bedded limestone; 

fusulinids in matrix and free specimens; Pseudoschwagerina beedei, P. 

texana, P. uddeni, Schwagerina bellula, S. emaciata, S. knighti ........ 

. Limestone, very thick-bedded; fusulinids in matrix; Pseudoschwagerina 

FONG. wl MAGAEMIW SCIWACETITG  CMLACIALG, -eraiate cl Ses «ails, soo <)pi2ie, Sie l> «sn. axe 
. Interbedded, medium-bedded limestone and covered intervals; the latter 

probably thin-bedded limestones; fusulinids in matrix 15, 20, 82, and 75 

feet above base; Pseudoschwagerina beedei, P. texana, P. uddeni, Schwa- 

CIN ANUCIIUIC, S. CAUISI, So CMMGACULA ~ =. qs scieisyo cts) 21s, io) eu) 9) ob2 sie ote) 4 plesaies 

6. Limestone, medium-bedded; fusulinids in matrix; Pseudoschwagerina 

beedei, P. texana, P. uddent, Schwagerina bellula, S. emaciata .......... 

5. Interbedded, medium-bedded limestones and covered intervals; probably 
tain ebed GeclelaimeStOri ES ym oteyeacre eres chek cree cist crete wore ele ete Fo oie cl aes cea) exch ous shane 

SE PAIN ES EONS F111 CONT = DEM GCG ae eehress Biondi w alezin S/S aeetSdansiehs: «fa Sasa sume afeale 

. Interbedded, medium-bedded limestones and covered intervals; probably 

thin-bedded limestones; fusulinids in matrix 20, 30, 35, 40, and 45 feet 

above base; Pseudoschwagerina beedei, P. texana, P. uddent, Schwagerina 
CIACIALO ASA RUECOCISIS  SECA]J CLIG A & (a.cyarai che, oafeye) veu0-0 ole, obaievs, cise! fofSycnd, o.shooywsts 

PUleITMEStOMesathtGkK=WEG GEM: }. ye yaiieevcis.isna 75 oraue cso aio eliete Gy aval sh aves /otsllai sie) 2 "stoneias Sues ouoice 

. Limestone, interbedded medium-bedded and thick-bedded; largely cov- 
ered with the thick-bedded units being topographically prominent; fusu- 
linids in matrix 5, 10, 15 and 45 feet from base; Pseudoschwagerina 

beedei, P. texana, P. uddeni, Schwagerina bellula, S. emaciata, S. hueco- 

ASIS. 5.6 O'S Odo. TOTO ORTOP RD Ce Te COTA O OOOO ror emer actu ecto 
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PLATE 1 

Figures 1-5. Monodiexodina bispatulata, n. sp. (p. 33) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1. Axial section of holotype, 10, measured section 1, bed 19; YPM 

22460. 
2. Sagittal section of paratype, X10, measured section 1, bed 19; YPM 

22461. 
3. Axial section of paratype, X10, measured section 1, bed 19, YPM 

22462. 
. Axial section of paratype, x 10, locality 9; YPM 22463. 
. Axial section of paratype, x 10, locality 9; YPM 22464. oe 
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PEATE. 2 

Figures 1-5. Paraschwagerina shuleri, n. sp. (p. 35) 

Hueco Canyon formation, Hueco Mtns., Texas. 
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PLATE 3 

Figures 1-8. Pseudoschwagerina beedei Dunbar and Skinner (p. 37) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-8. Axial sections of topotypes, x10, locality 6; YPM 22470-22477. 
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PLATE 4 

Figures 1-4. Pseudoschwagerina convexa Thompson (p. 38) 

Alacran Mountain formation, Hueco Mtns., Texas. 

1-2. Axial sections of topotypes, x10, measured section 2, bed 5; YPM 

22478-22479. 
3-4. Axial sections of topotypes, x10, measured section 2, bed 11; YPM 

22480-22481. 
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PLATE 5 

Figures 1-3. Pseudoschwagerina geiseri, n. sp. (p. 40) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1. Axial section of holotype, x 10, locality 8, YPM 22482. 

2. Sagittal section of paratype, x 10, locality 8, YPM 22483. 

3. Axial section of paratype, x 10, locality 8, YPM 22484. 
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PLATE 6 

Figures 1-3. Pseudoschwagerina gerontica Dunbar and Skinner (p. 41) 

Alacran Mountain formation, Hueco Mtns., Texas. 

1-3. Axial sections, x 10, locality 33; YPM 22485-22487. 
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PLATE 7 

Figures 1-4. Psewdoschwagerina texana Dunbar and Skinner (p. 43) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-4. Axial sections of topotypes, x10, measured section 7, bed 8, YPM 

22488-22491. 
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PLATE 8 

Figures 1-3. Pseudoschwagerina uddeni (Beede and Kniker) (p. 45) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-3. Axial sections of topotypes, x10, measured section 7, bed 8; YPM 

(Ae AF 
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PLATE 9 

Figures 1-5. Schubertella kingi Dunbar and Skinner (p. 47) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-5. Axial sections of topotypes, x50, measured section 8, bed 5; YPM 

22495-22499. 
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PLATE 10 

Figures 1-6. Schwagerina bellula Dunbar and Skinner (p. 48) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-6. Axial sections of topotypes, x10, locality 6; YPM 22501-22506. 
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PLATE 11 

Figures 1-7. Schwagerina crassitectoria Dunbar and Skinner (p. 59) 

Hueco Canyon formation, Hueco Mtns., Texas. 

1-7. Axial sections, x10, measured section 6, bed 9; YPM 22507-22513. 
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PLATE 12 

Figures 1-5. Schwagerina davist, n. sp. (p. 52) 

Hueco Canyon formation, Hueco Mtns., Texas. 
Lg 

2 

3. 

Axial section of paratype, x10, measured section 8, bed 17; 
PRN E S 

Axial section of holotype, x10, measured section 8, bed 17; 
22515. 

Axial section of paratype, x10, measured section 8, bed 17; 
22516. 

. Sagittal section of paratype, x10, measured section 8, bed 17; 
22517. 

. Axial section of paratype, x10, measured section 8, bed 17; 

22518. 
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PLATE 15 

Figures 1-4. Schwagerina diversiformis Dunbar and Skinner (p. 54) 

Alacran Mountain formation, Hueco Mtns., Texas. 

1-4. Axial sections, x 10, locality 33; YPM 22519-22522. 
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PLATE 14 

Figures 1-6. Schwagerina emaciata (Beede) (p. 56) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-6. Axia] sections, x10, measured section 8, bed 5; YPM 22523-22528. 
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PLATE 15 

Figures 1-6. Schwagerina eolata Thompson (p. 58) 

Cerro Alto limestone, Hueco Mtns., Texas. 

1-6. Axial sections of topotypes, x10, locality 19; YPM 22529-22534. 
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PLATE 16 

Figures 1-6. Schwagerina franklinensis Dunbar and Skinner (p. 59) 

Alacran Mountain formation, Hueco Mtns., Texas. 

1-6. Axial sections, x10, measured section 6, bed 9; YPM 22535-22540. 
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PLATE 17 

Figures 1-4. Schwagerina aff. S. grandensis ‘Thompson (p. 61) 

Magdalena limestone, upper member, Bursum beds; Hueco Mtns., Texas. 

1-4. Axial sections, x 10, locality 1; YPM 22541-22544. 

Figures 5-8. Triticites cf. T. cellamagnus Thompson and Bissell (p. 74) 

Magdalena limestone, upper member, Bursum beds; Hueco Mtns., ‘Texas. 

5-8. Axial sections, x 10, locality 1; YPM 22545-22548. 
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PARES 

Figures 1-4. Schwagerina huecoensis (Dunbar and Skinner) (p. 62) 

Hueco Canyon formation, Hueco Mtns., Texas. 

1-4. Axial sections of topotypes, x10, locality 8; YPM 22549-22552. 
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PLATE 19 

Figures 1-4. Schwagerina knighti Dunbar and Skinner (p. 64) 

Hueco Canyon formation, Hueco Mtns., Texas. 
1-4. Axial sections, x10, measured section 7, bed 8; YPM 22553-22556. 
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PLATE 20 

Figures 1-6. Schwagerina menziesi, n. sp. (p. 66) 
Alacran Mountain formation, Hueco Mtns., Texas. 
1. Axial section of holotype, x10, measured section 6, bed 8; YPM 

22097: 
2. Axial section of paratype, x10, measured section 6, bed 8; YPM 

22558. 
3. Sagittal section of paratype, X10, measured section 6, bed 8; YPM 

22559. 
4-6. Axial sections of paratypes, x10, measured section 6, bed 8; YPM 

22560-22562. 
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PEATE 

Figures 1-5. Schwagerina neolata Thompson (p. 67) 

Cerro Alto limestone, Hueco Mtns., Texas. 

1-5. Axial sections of topotypes, x10, measured section 1, bed 28; YPM 

22563-22567. 
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PLATE 22 

Figures 1-5. Schwagerina nelsoni Dunbar and Skinner (p. 69) 

Alacran Mountain formation, Hueco Mtns., Texas. 

1-5. Axial sections, x10, measured section 2, bed 13; YPM 22568-22572. 
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PLATE 23 

Figures 1-6. Schwagerina thompsoni? Needham (p. 71) 

Hueco Canyon formation, Hueco Mtns., Texas. 

1-5 Axial sections, x10, measured section 8, bed 5; YPM 22573-22577. 
6. Sagittal section, x 10, measured section 8, bed 5; YPM 22578. 
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PLATE 24 

Figures 1-3. Staffella lacunosa Dunbar and Skinner (p. 72) 
Hueco Canyon formation, Hueco Mtns., Texas. 
1-2. Axial sections, x 50, locality 11; YPM 22579-22580. 
3. Sagittal section, x50, locality 11; YPM 22581. 
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PEATE 25 

Figures 1-6. Triticites powwowensis Dunbar and Skinner (p. 76) 

Hueco Canyon formation, Hueco Mtns., Texas. 

1-6. Axial sections of topotypes, x10, locality 6; YPM 22582-22587. 
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