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ABSTRACT

Wardlaw, Bruce R., Richard E. Grant, and David M. Rohr, editors. The Guadalupian
Symposium. Smithsonian Contributions to the Earth Sciences, number 32, 415 pages,
frontispiece, 191 figures, 43 plates, 45 tables, 2000.—The internal stratigraphy of the Cutoff
Formation in the Guadalupe Mountains is clarified, and the unit is divided into three members:
the Shumard Canyon, the El Centro, and the Williams Ranch members. The Shumard Canyon
Member of the Cutoff Formation in the Guadalupe Mountains correlates to the upper part of the
Cathedral Mountain Formation in the Glass Mountains. The El Centro and Williams Ranch
members of the Cutoff Formation and the lower part of the Brushy Canyon Formation, including
the Pipeline Shale in the Guadalupe Mountains, correlate to the Road Canyon Formation. The
changeover in conodonts from transitional forms to Mesogondolella nankingensis (=M.
serrata) provides a basal definition for the Guadalupian and occurs within correlation unit 3 in
the El Centro Member of the Cutoff Formation and cycle 2 of the Road Canyon Formation.

The geology, stratigraphy, and depositional setting of the Permian in the Del Norte Mountains
and of the Word Formation in the Glass Mountains are discussed in detail, and this data suggest
deposition in a foreland basin or backbay between the Marathon Fold Belt and the Delaware
basin. The internal stratigraphy of the Road Canyon, Word, Vidrio, Altuda, Capitan, and Tessey
formations reveal the following: (1) the Road Canyon was deposited in four cycles and the Word
in six cycles; (2) the Altuda can be divided into five informal members and the Tessey into three
members; (3) the Vidrio is an unconformity-bounded unit; and (4) the Capitan displays
characteristic platform margin to slope foresets.

Biozonation of the Guadalupian is discussed, and details are provided on the fusulinid and
conodont zonations. Changes in conodont fauna, based on the succession of Mesogondolella
species from M. nankingensis to M. altudaensis, divide the Guadalupian into five zones.

Five new species of conodonts (Sweetina crofti Wardlaw, Mesogondolella shannoni
Wardlaw, Hindeodus wordensis Wardlaw, Iranognathus punctatus Wardlaw, and Swee-
tognathus bicarinum Wardlaw) and two new species of fusulinids (Codonofusiella (Lantschic-
hites) altudaensis Wilde and Rudine and Rauserella bengeensis Wilde and Rudine) are
described.
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Preface

The Guadalupian Symposium was held from 13 to 15 March 1991. It consisted of a one
day meeting of oral presentations, which were given at the campus of Sul Ross State
University, Alpine, Texas, and a two day field trip to outcrops in the Glass and Del Norte
mountains. The meeting at Sul Ross was highlighted by anecdotal presentations by
Norman D. Newell and Lloyd Pray. Most of the presentations are represented as papers
herein. The field trip was highlighted by Heinz Kozur finding several rattlesnakes, Dick
Grant being attacked by a dog, and stirring discussions on the breccia outcrops that form
the base of the type section of the Road Canyon Formation.

The term Guadalupian was first proposed as a subdivision of the Permian by Girty in
1902. Glenister and Furnish (1961) concluded that the Permian could be divided into five
world-wide stages, including the Guadalupian, which was further divided into the Wordian
and Capitanian substages. One of the three primary objectives resulting from the 1989
meeting of the International Subcommission on Permian Stratigraphy was the designation
of the Guadalupian in the United States. Guadalupian strata in the Guadalupe Mountains
are well known. They have served as the primary example for the development of sequence
stratigraphy. The original concepts of the divisions for the regional stratotype for the
Guadalupian, however, included both the Guadalupe Mountains and the Glass Mountains.
In order to better document the Guadalupian rocks and faunas for worldwide correlation,
the Guadalupian Symposim was organized by the editors. The presentations highlighted
new and significant work in the Glass and Del Norte mountains and the correlation
between these strata and the Guadalupe Mountains.

The symposium provided the impetus for Glenister et al. (1992) to formally propose the
Guadalupian as the international standard reference for the Middle Permian Series. Four
Titular Members and three Corresponding Members of the Subcommission on Permian
Stratigraphy attended the symposium and were unanimous in their support of the
Guadalupian as the international standard. This volume, along with the previous
monographs by Girty (1909), P.B. King (1931, 1948), R.E. King (1931), Miller and
Furnish (1940), and Cooper and Grant (1972, 1974, 1975, 1976a,b, 1977), serve as the
primary documentation for the Middle Permian Guadalupian Series.

It should be noted that the Guadalupian Symposium and the articles that comprise this
volume predate the use of the conodont genus “Jinogondolella” and the abandonment of
stage names, such as “Leonardian” or “Dzhulfian.” The use, or lack of use, of some of
these antiquated terms does not indicate acceptance or disapproval.
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Memorial to Richard Evans Grant

J. Thomas Dutro, Jr., and Bruce R. Wardlaw
Washington, D.C., and Reston, Virginia

Our esteemed colleague Dick Grant passed away while assembling this collection of
manuscripts for the sound establishment of the Guadalupian as a Middle Permian standard.
His loss delayed the final editing of this volume and severely threatened our ability to
accomplish it. We dedicate “The Guadalupian Symposium” to the memory of Dick and his
undying love of the Permian.

Richard Evans Grant, curator of invertebrate paleontology at the National Museum of
Natural History, Smithsonian Institution, for more than 35 years, died of a heart attack on
December 7, 1994. He was 67 years old. Grant was a world-renowned brachiopod
specialist who was best known for his work on Permian brachiopod systematics and
biostratigraphy. For more than 20 years he worked with G. Arthur Cooper on the Permian
of West Texas; their collaboration resulted in a magnificent series of monographs
published by the Smithsonian Institution Press between 1972 and 1977. Dick was
particularly interested in the functional morphology and paleoecology of brachiopods, and
he contributed many basic ideas about the living habits and evolution of two major groups:
the productids and the rhynchonellids.

Born on June 18, 1927, in St. Paul, Minnesota, Dick was the son of Dr. Charles L. Grant,
a Lutheran minister, and Gladys N.E. Grant. He spent his first 20 years in Minnesota,
except for two years in the U.S. Navy (1945-1946). His choice to serve in the Navy was
a reflection of his passion for boats, which he built as a child. Dick majored in philosophy
and received his B.A. degree from the University of Minnesota in 1949. He switched to
geology for his M.S., which he received from the same university in 1953. A student of W.
Charles Bell, he moved with Charlie to the University of Texas, in Austin, Texas, where
he was awarded a Ph.D. in 1957 for his study of the Cambrian of southwestern Montana.
His thesis was published as Geological Society of America Memoir 96 in 1965. While in
Austin working on his thesis, Dick spent two years as an instructor in the geology
department as Bell’s assistant.

Dick came to the Smithsonian in 1957 as an assistant to G.A. Cooper, whereupon he
permanently switched paleontologic allegiances from trilobites to brachiopods. The
appointment, which was on Cooper’s NSF grant, was for four years. He next worked as a
paleontologist for the U.S. Geological Survey (U.S.G.S.) from 1961 to 1972, expanding
his experiences and knowledge of the Permian from West Texas to the entire world.
During his U.S.G.S. career, he performed field work in such far off places as Tunisia,
Sicily, Greece, Yugoslavia, Iran, Pakistan, Thailand, Alaska, and the northern Rocky
Mountains. Much of his work on productoid living habits, functional morphology, and
general ecology was completed during this period.

Dick returned to the National Museum of Natural History in 1972 to replace Cooper as
brachiopod curator after Cooper’s retirement. He spent the rest of his career working in the
Department of Paleobiology, and he served as its chairman from 1972 to 1977. It was
during that time that he and Cooper published their impressive six-volume monograph on
the Permian brachiopods of West Texas.

Grant received many honors, including the Director’s Award for Outstanding
Achievement in 1977 and the National Academy of Science’s Daniel Giraud Elliot Medal
in 1979. He was president of the Paleontological Society from 1978 to 1979 and treasurer
of the International Palacontological Association from 1980 to 1989. He was a Fellow of
the Geological Society of America and the American Association for the Advancement of
Sciences and was a member of the Society of Economic Paleontologists and Mineralogists,

vii
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the American Association of Petroleum Geologists, the Geological Society of Washington,
and the Paleontological Society of Washington.

For the past 20 years, Dick had been active in the affairs of the Subcommission on
Permian Stratigraphy, in particular the Permian-Triassic boundary working group. He had
nearly completed editing this volume (with Wardlaw and Rohr), which records the
proceedings of the Guadalupian Symposium in Alpine, Texas, in 1991; this work
establishes a Middle Permian Series for the Permian System. Dick also was concluding his
major contributions to the revision of the Brachiopod volumes of the Treatise on
Invertebrate Paleontology; these included revision of the superfamilies Productoidea (with
C.H.C. Brunton and S. Lazerev), Stenoscismatoidea, Oldhaminoidea, and Richthofenioi-
dea, and the family Gemmelaroiidae.

During the 1980s, Dick published a wide variety of important contributions, including
monographs on the stenocismids, the cardiarinids, and the gemmellaroids. He also
described the faunas of several of the regions with which he had been involved as far back
as the 1960s: Hydra, Greece; Axel Heiberg Island, Arctic Canada; Guatemala; and

elsewhere.

Dick worked with a wide variety of specialists and foreign visitors during his career. In
particular, he helped several Chinese paleontologists, including Jin Yugan, Xu Guirong,
and Shi Xiaoying, with getting their brachiopod systematic papers published. In addition
to Cooper, Brunton, and Lazerev, Dick collaborated with E.E. Brabb, B.F. Glenister, P.M.
Kier, M.K. Nestell, D.M. Rohr, A.J. Rowell, F.G. Stehli, C.K. Stropoli, and B.R. Wardlaw.

He is survived by his wife, Lucy Grant of Alexandria, Virginia, sons Charles Lewis
Grant and Evan Richard Grant of Richmond, Virginia, and Lauren Philip Grant of
Morgantown, North Carolina, and sister Ruth Grant-Rugh of Cornwall-on-Hudson, New

York.

Dick Grant was a vibrant and forceful presence in the world of brachiopod and Permian
studies for more than three decades, and he was an energetic, imaginative, and resourceful
member of the paleontological community in the National Museum for most of his long

and productive career.
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1. Guadalupian Studies in West Texas

Richard E. Grant, Bruce R. Wardlaw,
and David M. Rohr

Murchison established the Permian System in the Ural
Mountains of Russia in 1841. The first North American
Permian fossils were discovered by Hall (1856) about 15 years
later. The fossils, which were collected in New York State,
were initially described as Carboniferous (Hall, 1856) but were
subsequently recognized as Permian by Girty (1902). Benjamin
F. Shumard (1858), however, was the first to place an
unequivocal Permian designation on some North American
fossils, which had been collected by his brother George G.
Shumard from the Guadalupe Mountains in Texas. A half
century passed before Girty (1908) made known an extensive
Guadalupian fauna, although his field work in Texas and his
study of this fauna already had led him to propose a
Guadalupian “period” (Girty, 1902). Girty’s suggestion was
accepted only when it was formalized as the Guadalupe Series
by Adams et al. (1939). The “Guadalupian fauna” was based
upon fossils that Girty collected in 1901 on an expedition
headed by Robert T. Hill, a revered figure in Texas geology.

Hill (1901) was the first to recognize that the strata making
up most of the south-facing scarp of the Glass Mountains
(Sierra del Vidrio) are Paleozoic in age. Johan A. Udden visited
the Glass Mountains and the nearby Del Norte Mountains in
1904 and published a description of the section near Altuda
(Udden, 1907) in which he classified the rocks as Upper
Carboniferous. Udden, Baker, and Bose (1916) named the
Leonard, Word, Vidrio, and Gilliam formations in the Glass
Mountains, and the next year Udden (1917) added the
Wolfcamp, Hess, and Tessey formations, correlating the
section there with units in the Delaware and Guadalupe
mountains.

Philip B. and Robert E. King (brothers) mapped the Glass
and Del Norte mountains for their doctoral dissertations at Yale
University, under the direction of Carl O. Dunbar and Charles

Richard E. Grant (deceased), Department of Paleobiology, National
Museum of Natural History, Smithsonian Institution, Washington,
D.C. 20560-0121. Bruce R. Wardlaw, U.S. Geological Survey, 9264
National Center, Reston, Virginia 20192. David M. Rohr, Department
of Geology, Sul Ross State University, Alpine, Texas 79832.

Schuchert who were, at the same time, the graduate advisors of
G. Arthur Cooper. Robert E. King (1931) described the
Permian brachiopods and gave a faunal summary with
worldwide correlations. Philip B. King (1931) described the
geology and named the Altuda Member of the Capitan
Formation (P.B. King, 1927), the Bissett Formation (then
deemed entirely Triassic), and numbered the carbonate mem-
bers of the Leonard and Word formations. Cooper and Grant
(1964) gave names to the numbered members of the Word,
calling “Limestone Number 1” the Road Canyon Member,
“Number 2” the China Tank Member, “Number 3” the Willis
Ranch Member, and “Number 4” the Appel Ranch Member.
They followed P.B. King (1931) in considering the Vidrio a
member of the Word. As studies continued, the Road Canyon
took on increasing importance and a more “Leonardian” aspect,
so Cooper and Grant (1966) elevated it to the rank of formation
and removed it to the Leonard Series. The formation was
accepted immediately, but the age assignment proved contro-
versial. Fusulinid specialists insisted that because it contained
Parafusulina rothi it was Guadalupian; ammonoid specialists
saw Perrinites and agreed with the assignment to the
Leonardian. Furnish (1966, 1973) sought to cleave the Gordian
knot by creating a Roadian Stage, which he assigned to the
Leonard Series. Attempts to stifle the new stage name (Grant
and Wardlaw, 1984; Wardlaw and Grant, 1987, 1990) proved
futile, and participants at the Guadalupian Symposium seemed
to accept it wholeheartedly. Consensus did, however, support
the age assignment by Wardlaw and Grant (1990) that placed
the Leonardian-Guadalupian boundary at the change in
conodont species from Mesogondolella idahoensis to M.
serrata (now considered a synonym of M. nankingensis), within
the lower part of the Road Canyon Formation. This placed the
larger part of the formation, and the Roadian Stage, back into
the Guadalupian where P.B. King (1931) had placed it
originally.

The purpose of the Guadalupian Symposium was to
determine if the Permian Period should be divided into three
worldwide stages, instead of the currently recognized two. The
participants had differing opinions on where reference sections



for the Lower Permian and the Upper Permian might be
located; these are stated below in the individual contributions.
We agreed by vote, however, that the Middle Permian should
be the Guadalupian Stage, and that the reference section should
be in the Guadalupe Mountains National Park, where the rocks
are well exposed and access is assured. A formal statement that
proposed such a move was submitted for publication in the
proceedings of the International Congress on the Permian
System of the World that was held at Perm, Russia, 1991,
commemorating the 150th anniversary of the Permian System
(Glenister et al., 1992). The papers presented herein provide
detailed data that support the general area of West Texas as an
appropriate region for study of the middle part of the Permian.

The most abundantly fossiliferous Permian rocks in the
world are in the Glass Mountains. Thus, the first paper included
herein presents a guide to localities there and in the Del Norte
and Guadalupe mountains by the organizers of the symposium.
The Glass Mountains cannot be designated an international
reference section, however, because all of the land there is
privately owned, and access cannot be guaranteed. The
Guadalupe Mountains, on the other hand, are in a national park
where they are accessible to all who obtain the proper permits
from the U.S. Department of the Interior, National Park
Service, Southwest Region, Santa Fe, NM 87501.

Wardlaw and Grant (1987, 1990) described the conodont
zones in the Cathedral Mountain and Road Canyon formations
of the Glass and Del Norte mountains. Wardlaw’s paper herein
continues that work for the Guadalupian of that region. Wilde
then presses formal recognition of the Guadalupian Series as
the standard for the Middle Permian of the world time scale,
based to some extent on his zonation of the fusulinids.
Fusulinid zones can be traced worldwide, except in the Arctic.
The top of the Guadalupian can be correlated with the
Dzhulfian of Iran via ammonoids of the section at Las Delicias,
Mexico.

Wardlaw’s field and museum work in China, in 1992, under
the guidance of Jin Yu-gan revealed that M. serrata is a junior
synonym of M. nankingensis, and more importantly, that the
species is indeed worldwide in distribution. In addition, it
marks a biostratigraphic level within the Permian that can be
recognized wherever it occurs. This is the base of the
Guadalupian. In China it occurs at the base of the Kuhfeng
Formation, which may therefore be correlated to the lower part
of the Road Canyon Formation in Texas. The change from M.
idahoensis to M. nankingensis thus proves to be a recognizable
horizon that can be taken as the base of the Guadalupian
everywhere that Permian rocks occur, making the Middle
Permian a viable worldwide stage. The top of the Guadalupian,
of course, is defined by the base of the succeeding stage, which
will probably be defined in China by a zone succeeding that of
M. altudaensis. In Texas, the highest Guadalupian unit is the
Altuda Formation in the Glass and Del Norte mountains and the
Lamar Limestone Member of the Bell Canyon Formation in the
Guadalupe and Delaware mountains. The youngest Permian
conodont fauna within the Guadalupian units is found in the
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uppermost part of the Altuda Formation and is highlighted by
M. altudaensis (Kozur, 1992).

Harris emphasizes the lower part of the Guadalupian in an
analysis of the Cutoff Formation of the Guadalupe Mountains.
He presents three new members of that formation, which can be
traced along the western escarpment. The Cutoff proves to be
more complex than hitherto recognized, and it contains the
Leonardian-Guadalupian boundary. Harris discusses correla-
tions to the San Andres Formation farther north in the
Guadalupes, and to the Road Canyon Formation to the south in
the Glass Mountains. Harris, Lehrmann, and Lambert extend
the discussion of the Cutoff, interpreting the environments in
which the members were deposited. They make a detailed
comparison with the Road Canyon Formation and offer an
interpretation of that formation’s relationship to the Permian
basin and shelf.

The discussion is continued by Lambert, Lehrmann, and
Harris, with emphasis on the place of the Cutoff in a proposed
world stratotype for the Middle Permian. They accept the idea
of a Roadian Stage based on conodont zones in the Road
Canyon Formation, with the base of the Guadalupian defined
on the transition from Mesogondolella idahoensis to M.
nankingensis.

Wardlaw, Ross, and Grant build on earlier work by Wardlaw
and Grant (1990) regarding the Road Canyon Formation by
recognizing cyclic sedimentary packages that have the “fining
upward” character that is seen so widely throughout the
geologic column. The environmental setting for these packages
was set forth by Stropoli, Grant, and Wardlaw (1991).

Yang and Yancey outline the fusulinid biostratigraphy of the
Guadalupian region that makes it possible to serve as a world
standard for the Middle Permian. They describe some new taxa
based upon excellently preserved material that was newly
collected by Yang from the Glass and Del Norte mountains.

The paper by Rathjen, Wardlaw, Rohr, and Grant presents a
fresh view of the deposition of the Word Formation in its type
area. The passage from shelf to slope to basin is marked by
distinct facies within the carbonate members that lie within the
generally siltstone matrix of the formation. The authorship
reflects a thesis by Rathjen that was revised for publication by
the supervising committee.

Rudine, Wardlaw, Rohr, and Grant offer an in-depth study of
the Guadalupian rocks of the Del Norte Montains. They clarify
the status of the lower massive and upper massive members of
the Capitan Limestone, and they describe carbonate mounds
(buildups) in the upper part of the Word Formation that,
heretofore, were thought to terminate in the Road Canyon. The
discussion is continued by Wilde and Rudine, who focus upon
fusulinid zones in the Altuda Formation of the western part of
the Glass Mountains. They demonstrate the correlation of the
Altuda to units in the Guadalupe Mountains, specifically to the
Tansill Formation (a shelf unit) and the Lamar Limestone
Member of the Bell Canyon Formation (a basinal unit).
Wardlaw and Rudine divide the Altuda Formation into five
informal units and demonstrate that the Altuda was deposited in
shelf as well as basinal settings.
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Haneef documents the shelf edge to basinal facies associated
with the upper part of the Capitan Limestone. The collapse
breccias that have been confused with the Capitan are assigned
to the Tessey Formation, and an example of the unit is
documented and interpreted by Haneef and Wardlaw.

Wardlaw, Rudine, and Nestell use conodont zones to
correlate the Texas Guadalupian with rocks of the same age at
Las Delicias, Coahuila, Mexico. The Permian section at Las
Delicias is important to world correlations because it contains
ammonoids, conodonts, and fusulinids that link the Texas
sections to those of Armenia, Iran, and China. It contains
Permian rocks with diagnostic fossils that are younger than any
in Texas, so it is useful in defining the limits to the
Guadalupian. Spinosa and Glenister emphasize these links
from Texas to the world at large through northern Mexico, with
prime focus upon the zonation of ammonoids. The Dzhulfian is
demonstrably younger than the Guadalupian, and its base could
define the top of the Guadalupian. The section at Las Delicias
contains fossils that define this boundary.

The final paper, by Erwin and Kidder, addresses the
phenomenon of silicification of fossils, a condition that is
widespread in Permian strata. Certain fossils, such as brachio-
pods and echinoderms, are silicified more commonly and more
completely than some others, such as bivalves and fusulinids.
Erwin and Kidder explain these biases by reference to
depositional conditions that favor silicification.

The Guadalupian Symposium was the culmination of a
decade of cooperative Permian studies by the Smithsonian
Institution, the U.S. Geological Survey, and Sul Ross State
University. What began as an attack on the “Road Canyon
problem” by Grant and Wardlaw burgeoned into a full scale
survey of biostratigraphy and depositional environments of the
entire section above the Wolfcampian in the Glass and Del
Norte mountains and of the Guadalupian of the Guadalupe
Mountains. The present volume testifies to the continuing and
widespread interest in this important segment of the history of
the Earth, the period that marked the end of the Paleozoic Era.

In the course of compiling this volume, it became obvious
that the formational names needed to be standardized. Several
new names are also introduced. Table 1-1 lists the names
accepted for use in this volume.

TABLE 1-1—Recognized Permian formation names and units in the West
Texas area. (* not in GNULEX (1992).)

Altuda Formation

Bell Canyon Formation
Hegler Limestone Member*

Lamar Limestone Member*
MecCombs Limestone Member*
Pinery Limestone Member*
Rader Limestone Member*

Bissett Conglomerate

Bone Spring Limestone

Brushy Canyon Formation*

Pipeline Shale Member*

Capitan Limestone

Castile Formation (Gypsum)

Cathedral Mountain Formation

Cherry Canyon Formation*

Getaway Limestone Member*
Manzanita Limestone Member*
South Wells Limestone Member*

Cutoff Formation* (redescribed by Harris, 1988a,b)
El Centro Member*, established this volume
Shumard Member*, established this volume (confusion from Glenister et al.,

1992, where Shumard and Shumard Canyon Member are used inter-
changably and Shumard Canyon is herein repressed)
Williams Ranch Member*, established this volume

Delaware Mountain Group

Gilliam Limestone

Goat Seep Limestone (Dolomite)

Grayburg Formation

Hess Formation

Lenox Hills Formation

Neal Ranch Formation

Queen Formation

Road Canyon Formation

Salado Formation

San Andres Formation (Limestone)

Seven Rivers Formation

Skinner Ranch Formation

Tansill Formation

Tessey Formation*, revised this symposium

Victorio Peak Limestone

Vidrio Formation*, revised this symposium

Word Formation
Appel Ranch Member
China Tank Member
Willis Ranch Member

Yates Formation

Yeso Formation
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2. Guidebook to the Guadalupian Symposium

David M. Rohr, Bruce R. Wardlaw, Shannon F. Rudine,
Mohammad Haneef, A. John Hall, and Richard E. Grant

Introduction

Compared to the Guadalupe Mountains of Texas and New
Mexico the depositional environments of the Permian strata of
the Glass Mountains (and adjacent Del Norte Mountains) are
less well known. In general, the Guadalupian facies in the Glass
and Del Norte mountains changes from predominantly carbon-
ate facies in the northeast to thicker clastic facies in the
southwest. Philip B. King (1931) originally considered this
trend to reflect an uplifted clastic source to the southwest, with
carbonate facies developing away from the source area. Ross
(1986) interpreted the eastern portion of the Road Canyon and
Word formations to consist of shelf, shelf-edge bioherm, and
reef facies, and the southwest area to consist of deeper water
siliceous shale, clastic limestone, and basinal sandstone facies.

Probably the best known controversy in the Glass Mountains
Permian involves the depositional environment of the Skinner
Ranch Formation (Leonardian according to Ross, 1986;
Wolfcampian according to Cooper and Grant, 1972) at its type
section on Leonard Mountain. Cooper and Grant (1964)
identified in situ patch reefs at the base of the section, which
were subsequently interpreted as displaced limestone blocks
deposited in a slope environment (Rogers, 1972; Cys and
Mazzullo, 1978; Ross, 1986). Later Flores, McMillan, and
Watters (1977) interpreted the same units as subtidal and
intertidal deposits. The Skinner Ranch Formation illustrates the
complexities involved in interpreting the paleogeography of the
Glass Mountains. If the Skinner Ranch contains displaced
blocks, some eroded from older units, it explains the
occurrence of Wolfcampian fossils in the Skinner Ranch (Ross,
1986). The slope facies interpretation also is used to place the
shelf edge at that time between the Skinner Ranch outcrops at
Leonard Mountain and the lagoonal, backreef deposits of the
Hess Formation to the east, although most of the actual shelf
edge is not preserved (Ross, 1987:30).

David M. Rohr, Shannon F. Rudine, Mohammad Haneef, and A. John
Hall, Geology Department, Sul Ross State University, Alpine, Texas
79832. Bruce R. Wardlaw, U.S. Geological Survey, 9264 National
Center, Reston, Virginia 20192. Richard E. Grant (deceased),
Department of Paleobiology, National Museum of Natural History,
Smithsonian Institution, Washington, DC 20560-0121.

Similar conflicting interpretations exist in younger rocks in
the western facies of the Leonardian Guadalupian to the
southwest in the Del Norte Mountains. Ross (1986, 1987)
considered the western facies of the Road Canyon and Word
formations to be basinal shales and turbidites. Wardlaw et al.
(1990) and Rohr et al. (1987) have interpreted this area to be
shallow intertidal to lagoonal environments adjacent to an
uplifted area to the south.

The type section of the Road Canyon Formation is also a
subject of disagreement and will be discussed in more detail
later.

Conclusions from Recent Work in the Glass Mountains

Philip B. King (1931) superbly documented the geology of
the Glass and Del Norte mountains. Most of his map units and
his interpretations stand today. Over the last decade, collabora-
tion between the Smithsonian Institution, the U.S. Geological
Survey, Sul Ross State University, and Chevron Oil Co. has
provided some critical observations that refine the depositional
setting and the geology first described by King (1931). These
key observations are as follows:

1. The lower massive member of the Capitan Limestone
and the Vidrio Member of the Word Formation (the Vidrio is
raised to formation status in this volume) are the same unit.

2. The Vidrio is unconformably bounded. ~

3. The supposed relationship of the Vidrio interfingering
with the Altuda Formation does not exist. The Vidrio is
everywhere unconformably overlain by the Altuda Formation
or Gilliam Limestone, implying that the Altuda and Gilliam
interfinger.

4. Permian rocks mapped as Capitan Limestone in, and
along, the margin of the Hovey-Sheffield channel are actually
post-Guadalupian. These rocks are collapse breccias, and they
indicate an evaporitic basin and basin margin infill similar to
the Castile Formation in the Delaware basin. This unit is herein
referred to as a basinal or a breccia facies of the Tessey
Formation.

5. The Word Formation generally shows a progression of
lithofacies from bioturbated lime mudstone/wackestone with



crinoid-fusulinid packstone/grainstone channels to skeletal
wackestone/packstone to peloidal packstone to siltstone. The
bioturbated lime mudstone/wackestone with crinoid-fusulinid
packstone/grainstone facies is commonly recrystallized or
dolomitized and represents a shoal facies that was repeatedly
exposed. The remaining lithofacies commonly appear in
succession in section and are repeated in several cycles (shown
as numbers in Figure 2-1).

6. Conodont distribution provides an important correlating
tool. The changeover from a transitional morphotype of
Mesogondolella idahoensis to M. nankingensis (= M. serrata)
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is remarkably sharp in most sections and occurs within the
basal few meters of cycle 2 of the Road Canyon Formation.

7. The Altuda Formation shows a wide variety of
lithofacies, from shallow lagoon sediments to basinal turbid-
ites.

8. Lithologically and paleontologically, the Road Canyon
Formation is more allied with the Word Formation, which is
where King (1931) originally placed it.

9. The top of the Skinner Ranch and Hess formations is
marked by a karstic surface. The base of the overlying
Cathedral Mountain Formation is generally conglomeratic,
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FIGURE 2-1.—General stratigraphic relations of Leonardian to Dzhulfian age rocks in the Glass and Del Norte
mountains. Major sequence ties to the Guadalupe Mountains are shown at left. Cycles in the Road Canyon and
Word formations are represented by numbers. The conodont zonation is shown at right. (M. = Mesogondolella;

N. = Neostreptognathodus.)
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FIGURE 2-2.—Areal distribution of Capitan Limestone foreset beds (dashed lines), shelf margin crest to toe
margin in general northwest direction, general distribution of shoal facies in Word Formation (dot-dashed lines),
and relationship of proposed field trip stops (large black dots) to shelf margin facies.

indicating a major unconformity that ties exactly to the
sequence boundary between the Yeso and lower San Andres
formations in the Algerita Escarpment, northern Guadalupe

Mountains.
10. The top of the Willis Ranch Member of the Word

Formation is commonly recrystallized and dolomitized and
indicates subaerial exposure. The unconformity represented by
this surface ties with the Grayburg/Queen unconformity in the
Guadalupe Mountains.

11. The Vidrio appears to correspond to the Manzanita
Limestone Member of the Cherry Canyon Formation in the
Guadalupe Mountains.

12. The Tessey breccia is equivalent to the Castile and
Salado formations of the Delaware basin and unconformably
overlies the Capitan Limestone.

The deposition of the Capitan Limestone and its equivalents
is fairly straightforward and is summarized by Haneef et al.
(1990:46):

Capitanian stratigraphy of the Glass Mountains is not as well documented as the

type section in the Guadalupe Mountains. The Capitanian sequence is
represented by the Altuda, Capitan, and Gilliam formations. The Altuda

. Formation and Gilliam Limestone have disconformable lower contacts with the

Vidrio Member of the Word Formation. The Altuda is siliciclastic, bioclastic,
dolomitic wackestone to packstone interbedded with thin-bedded sandstone.
The Gilliam Limestone is dolomitic fusulinid grainstone and stromatolitic
dolostone interbedded with fine sandstone and possible evaporites and contains
pisolite and tepee structures. The Capitan Limestone has an undulatory
erosional lower contact with the Altuda Formation and is massive, dolomitic,
heavily recrystallized mudstone to algal-sponge wackestone. The Capitan also
grades into the Altuda in large foresets where the Altuda displays thin planar to
graded bedding, slump structures, flow structures, and wavy channel bedding
with channel lag. Conodonts and fusulinids demonstrate that the Altuda, where
it underlies the Capitan, is equivalent to the lower Bell Canyon Formation, and,
where it is laterally equivalent to the Capitan, it is equivalent to the upper Bell
Canyon Formation, Lower Capitanian deposition is represented by dolomites
and clastics of the Gilliam and Altuda formations in a shelf to slope transition
on a ramp. Upper Capitanian deposition is represented by dolomites of the
Gilliam, Capitan, and Altuda formations in a shelf, margin, and slope-basin
transition on a platform.

The distribution of foresets of the Capitan Limestone can be
mapped (Figure 2-2), and they represent a clear demarcation of
the transition from a shelf margin to a basin. Recrystallized
limestone and dolostone of the bioturbated lime mudstone/
wackestone with crinoid-fusulinid packstone/grainstone chan-
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FIGURE 2-3.—Isopachous map of the Word Formation from King (1931, fig. 25) but modified by drill-hole data,

showing area of minimum thickness as dot-dashed line.

nel facies (shoal facies) within the Word Formation show a
similar trend to the foreset distribution (Figure 2-2), but they
are slightly more shoreward. A modified isopach map of the
Word (from King, 1931, with the addition of drill hole data)
displays an area of minimum thickness that almost exactly
follows the front of the shoal facies (Figure 2-3). The location
of the Symposium’s field trip stops are also shown on Figure
2-2, displaying their relationship to the proposed shoal-shelf
margin.

Recently, Sarg et al. (1988) developed a sea-level curve
based on the well-established sequence stratigraphy of the
Guadalupe Mountains. This sea-level curve can be taken and
compared to the sequence stratigraphy, conodont biostratigra-
phy, and depositional setting that has been developed for the
Glass Mountains (Figure 2-4). In order to compare the Glass
Mountains sequence to this curve, modeling has to be done
without scale because the sea-level curve developed for the
Guadalupe Mountains is based on the true thickness of the
sequence. In subsequent publications modeling will incorpo-
rate true thickness and distance. The Glass Mountain sequence
appears to show a relatively “deep” backbay of a foreland basin
that was largely infilled during Cathedral Mountain deposition.
This backbay, or lagoon, explains the relative shallow slope
deposition that is observed in many of the Permian units.

The Del Norte Mountains contain an abundance of sand and
silt sediments related to the encroachment of a delta complex
from the uplifted Marathon Thrust Belt (Rudine et al., 1987).

Day 1: Alpine to Marathon, Dugout Mountain,
Iron Mountain Ranch, Bruce Ranch

MILEAGE

Interval Cumulative

0.0

7.4

0.0

7.4

Head eastward on U.S. 90 from entrance #2 of
Sul Ross State University, Alpine. Most of the
rocks in the immediate Alpine area are Tertiary
volcanics. To the west is Twin Peaks (elev.
6084), a syenite intrusion. In the distance to the
north are the Davis Mountains, containing
Tertiary volcanics of Oligocene to Eocene age
and minor exposures of Cretaceous rocks. The
highest peak in the Davis Mountains is Mt.
Livermore at 8381 ft. Sul Ross State University
is located on Hancock Hill, which is composed
of the Eocene Crossen Trachyte with minor
interbeds of fresh-water limestone (Collins-
worth and Rohr, 1986).

Junction with U.S. 67 (to Ft. Stockton); con-
tinue straight on U.S. 90, now heading south-
eastward. Ahead are the Glass Mountains on the
left side of the road and the Del Norte
Mountains to the right. The highest portions of
the Glass Mountains now visible are the
Capitan Limestone. Cretaceous limestone is
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present south of the road and on the lower interpretation to be incorrect. In this area, the
slopes to the northwest. Word Formation and the underlying Cathedral
28 10.2 The quarry on the left side of the road is in Mountain Formation (Leonardian) are shallow,
Cretaceous limestone. The roadcut immediately intertidal deposits of siltstone, sandstone, and
beyond the quarry exposes Cretaceous lime- limestone. The Road Canyon equivalent is a
stone lying unconformably over Upper Permian deltaic sequence containing fossil leaves
(Tessey) limestone (Figure 2-5). Altuda (or (Mamay et al., 1985, 1988) and silicified wood.
Bird) Mountain to the right (Figure 2-21) The overlying Altuda to the south of Bird
consists of 73 m of Cretaceous limestone Mountain contains tidal channels and tidal flats;
overlying cliff-forming Upper Permian lime- deeper shelf-siope facies are found in the Bird
stone breccias. Below the cliffs are interbedded Mine area. The post-Guadalupian (Dzhulfian)
siltstones and limestones of the Word and collapse breccia was formed by the solutioning
Altuda formations. To the right of the peak is of evaporite (sabkha?) deposits.
Bird Mine and a resistant breccia pipe. 0.6 10.8 Bissett Mountain is in the background at 9
In many previous guidebooks, the cliff- o’clock. It is capped by Lower Cretaceous
forming unit has been identified as Capitan reef limestones, and the main slopes are composed
facies prograding over basinal Altuda. A recent of limestone conglomerates and red beds of the
study (Wardlaw et al., 1990) has shown this Bissett Formation. Bissett conglomerate, sand-
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FIGURE 2-4—Model of depositional setting and sequence stratigraphy of the Glass Mountains in relation to the
sea-level curve of Sarg et al. (1988) for the sequence in the Guadalupe Mountains. The sequence ties to the
Guadalupe Mountains are shown as solid lines (dashed where inferred or unknown). Conodont datums (zone
boundaries) are shown as dot-dashed lines. The curve fits well the depositional sequence in the upper p