
Paleoecology of the Upper Devonian
Percha Formation of south-central Arizona

Item Type text; Thesis-Reproduction (electronic); maps

Authors Meader, Sally Jo, 1952-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:35:00

Link to Item http://hdl.handle.net/10150/566637

http://hdl.handle.net/10150/566637


PALEOECOLOGY OF THE UPPER DEVONIAN PERCHA 
FORMATION OF SOUTH-CENTRAL ARIZONA

by

Sally Jo Header

A Thesis Submitted to the Faculty of the

DEPARTMENT OF GEOSCIENCES
In Partial Fulfillment of the Requirements 

For the Degree of

MASTER OF SCIENCE

In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 6



STATEMENT BY AUTHOR

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author.

SIGNED i j rfljn/Li

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below:

Dietmar Schumacher 
Assistant Professor of Geosciences

n  /_?t£
Date?*



ACKNOWLEDGMENTS

I would like to thank the many people who helped make the com
pletion of this thesis possible. Many thanks are due the members.of my 
committee, Drs. Joseph F. Schreiber, Jr., Richard F. Wilson, and, espe

cially, Dr. Dietmar Schumacher. Without Dr. Schumacher’s continual 

encouragement, guidance, and listening ears, this study would not have 
been successfully completed.

Special thanks are due Dr. J. Kieth Rigby, with Brigham Young 
University, for his help in identifying a new sponge. Dr. Paul Sartenaer, 
with the Royal Institut des Science Naturales in Brussels, Belgium, aided 

in the identification of some rhynchonellid brachiopods. Dr. Porter 

Kier, with the Smithsonian Institute, Washington, D.C., identified some 

echinoid material.
Special thanks are also due my fellow graduate students with 

whom I had many enlightening conversations. Don Witter's assistance in 
the field as well as in the many steps of preparation of this thesis is 

gratefully acknowledged.

Cities Service Oil Company provided financial assistance for 

the final stages of completion of this thesis.
I am greatly indebted to my brother, Norm, for his invaluable 

field assistance and his endless patience with me, and to my Mother,

Ruth Meader Foster, for without her continual encouragement and moral

ill



support, the completion of this Master of Science degree would not 

have been possible.



TABLE OF CONTENTS

LIST OF ILLUSTRATIONS  ..............................vii
LIST OF T A B L E S ................................................ ix
ABSTRACT.....................................................  x
1. INTRODUCTION .............................................  1

1.1 The Problem and the Objectives
1.2 Location ....................
1.3 Methods and Procedure . . . .
1.4 Previous Work ..............

2. STRATIGRAPHY.............................................. 11

2.1 General Statement .................................... 11
2.2 Nature of the Lower and Upper Contacts................  11
2.3 The Shale Member...................................... 13
2.4 The Carbonate Member ....................  . . . . . . .  15
2.5 Extent of the Percha Formation........................ 17

3. PALEONTOLOGY OF THE PERCHA FORMATION...........   18

3.1 Introduction....................... ..................  18
3.2 Paleontology.......................................... 18
3.3 Age and Correlation . ............................   23

4. SEDIMENTARY ENVIRONMENTS OF THE PERCHA FORMATION........... 28

4.1 Introduction.................... , ....................  28
4.2 Sedimentary Environments.............................. 30

5. PALEOECOLOGY.............................................. 38
5.1 Introduction.......................................... 38
5.2 Problems and Methods in "Community" Reconstruction . . .  39
5.3 Recurrent Associations and "Community" Reconstruction . 41

5.3 1 The Ensiferites Association....................  41
5.3 2 The Paurorhyncha Association..................  49
5.3 3 The Molluscan Assemblage...................... 53

Page

v

o> 
ro 

h



TABLE OF CONTENTS— Continued

Page
5.4 S ummary............................................ 54
5.5 Community Replacement ..............................  58

6. CONCLUSIONS AND PROBLEMS FOR FURTHER INVESTIGATION . . . .  60

6.1 Conclusions...............................   60
6.2 Problems for Further Investigation ..................  61

APPENDIX A: SYSTEMATIC PALEONTOLOGY . . . ..................  63

APPENDIX B: MEASURED STRATIGRAPHIC SECTIONS................  85
REFERENCES............................................ 99

vi



LIST OF ILLUSTRATIONS

1. Location M a p .............................................. 4

2. The Slope-Forming Percha Formation of
Steamboat Mountain ..............  . . . . . . . . . .  12

3. The Basal Sandstone.................................   14

4. The Shale Member at Steamboat Mountain................... 14

5. The Carbonate Member at Brandenburg Mountain..............  16

6. Stratigraphy and Fossil Distribution at
Steamboat Mountain.............................  in pocket

7. Stratigraphy and Fossil Distribution at
Saddle Mountain ................................ in pocket

.

8. Stratigraphy and Fossil Distribution at
Brandenburg Mountain I ................  in pocket

9. Stratigraphy and Fossil Distribution at
Brandenburg Mountain II . ........... .. in pocket

10. Stratigraphy and Fossil Distribution at
Holy Joe P e a k .................................  in pocket

11. Correlation of Measured Sections ................... in pocket

12. Schematic Representation of the Vertical and
Lateral Occurrences of the Assemblages Present
in the Percha F o rmation.............................  20

13. Range and Correlation of the Percha Formation . . . . . .  27

14. The Shaw-Irwin Model for Clear Water Sedimentation
in an Epeiric Sea (Salley, 1976).....................  29

15. Environmental Occurrence and Relative Diversity
of the Ensiferites Assemblage Modified from
the Shaw—Irwin M o d e l .................................  32

Figure Page

vii



viii

LIST OF ILLUSTRATIONS— Continued

Figure Page
16. Environmental Occurrence of Leioproductus

and Syringospira.................................... 34
17. Environmental Occurrence and Relative Diversity

of the Paurorhyncha Assemblage...................... 35
18. Schematic Representation of the Percha Formation ........  37
19. Relative Abundance in the Lower Ensiferites

Association........................................ 42
20. Relative Abundance in the Upper Ensiferites

Association........................................ 43
21. Schematic Reconstruction of the Ensiferites

Association........................................ 48

22. Relative Abundance in the Paurorhyncha Association . . . .  50
23. Schematic Reconstruction of the Paurorhyncha

Association ........................................  52
24. Mottled Dolomite.................................   55

25. Schematic Representation of the Lateral Relation
of the Associations in the Percha Formation........  56

26. Vertical and Lateral Occurrences of the Associations
Present in the Percha Formation.................... 57



LIST OF TABLES

1. Fossil Distribution of the Percha Formation,
South-Central Arizona and New Mexico .................. 24

\

Table Page

ix



ABSTRACT

The Upper Devonian Percha Formation in south-central Arizona 
consists of a lower, unfossiliferous shale member overlain by a fossil- 

iferous carbonate member.
The fossils in the carbonate member comprise two major associa

tions and one assemblage. The lower and upper Ensiferites associations 

are dominated by epifaunal suspension feeders, although deposit feeders, 
scavengers, predators, and primary producers are also present. This 
association lived in the low energy zone below wave base. The 

Paurorhyncha-Cyrtospirifer association is characterized by epifaunal 
suspension feeders. This association lived in the high energy zone at 
to just above wave base. Laterally, the Paurorhyncha association grades 
into a Paurorhyncha-Leioproductus-Syringospira association which is 

characterized by epifaunal and semi-infaunal suspension feeders. This 
association is interpreted to be transitional between the Paurorhyncha- 

Cyrtospirifer association and the Ensiferites association as it lived in 

the periodically agitated waters just below wave base.
The vertical and lateral lithologic and faunal variation indi

cates the Percha Formation is a transgressive-regressive sequence. The 

Percha Formation is time transgressive from the southeast to the north

west and was deposited in a northwest trending basin. The southeast 

portion of the basin was more open marine, the northwest portion of the 
basin was closer to the paleo-shoreline.

x



CHAPTER 1

INTRODUCTION

1.1 The Problem and the Objectives 
The Devonian Martin Formation of southern Arizona has been shown 

to be of Frasnian age (early Late Devonian) on the basis of fossils 
(Stoyanow, 1936; Teichert, 1965). Reconnaissance work in the Martin 

Formation yielded fossils younger than Frasnian and lithologies differ
ent from those characteristic of the Martin Formation. Whereas the 

Martin Formation is characterized by massive gray to brown limestones 
and dolomites with abundant Frasnian fossils, the post-Martin strata 

consist of green shale overlain by thin- to thick-bedded, weakly re
sistant, yellow-brown dolomites. Preliminary identification of the fos
sils within these beds indicated a Late Famennian (late Late Devonian) 
as opposed to Late Frasnian age. Stratigraphically, these beds overlie 

the Martin Formation and underlie the Mississippian Escabrosa Limestone. 

These beds, now assigned to the Devonian Percha Formation (Schumacher 
and others, 1976), are potentially very important in that (1) they were

V
deposited after mid-Upper Devonian mass extinctions yet before wide
spread radiation in the Mississippian; and (2) these beds were deposited 

at approximately the same time that the Antler orogeny was in progress.

A community paleoecology study of these Famennian strata was 

undertaken in an attempt to reconstruct their environment of deposition.

1
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Community paleoecology; was chosen for this task because communities are 
largely controlled by environmental parameters and thus are considered 
accurate reflections of past environments. Individual species are less 

dependent on the environment and cannot be used as successfully in a 
study of this type. Stratigraphic studies alone will not give a com
plete, accurate reflection of ancient sedimentary environments. Com
munity paleoecology is dependent on the interrelationship of detailed 
stratigraphy, sedimentary petrography, and detailed paleontology and, 
consequently, is very well suited for a study of ancient sedimentary 

environments.
Tectonic activity can affect environmental parameters by (1) 

changing sea level, which would translate environments laterally, and 

(2) by changing the amount and/or type of sediment influx, which would 

change environmental parameters. A very detailed community paleoeco- 
logical analysis would reflect these environmental changes and possibly 

reflect the tectonic activity occurring in the area.

The primary objectives of this study, then, are to describe the 
micro- and macro-fossil elements of the Percha Formation, to identify 

the recurrent associations (community elements), and to interpret the 

environment of deposition of the Percha Formation. A secondary objec
tive of this study is to interpret the morphological adaptations of the 

fossils in relation to the environment in which they lived.

1.2 Location
The area of primary concern in this investigation extends from 

north of Winkleman to north of Mammoth. Five locations in this area
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were systematically measured, described, and sampled bed by bed. Twelve 

other localities were examined for Percha equivalents including Mt.
Martin near Bisbee, Arizona, to examine the type section of the Martin 
Formation, and Bear Mountain near Silver City, New Mexico, to compare 
the Percha Shale to the Percha Formation. The five primary sections are 

indicated by number on the location map (Fig. 1).
1. Holy Joe Peak: SW1/2, SW1/4 sec. 7, T. 7 S., R. 18 E.,

Holy Joe Peak Quadrangle, Pinal County, Arizona.

2. Brandenburg Mountain I: SE1/2, NE1/4, sec. 28, T. 6 S.,
R. 17 E., Brandenburg Mountain Quadrangle, Pinal County, Arizona.

3. Brandenburg Mountain II: Wl/2, El/2, sec. 27, T. 6 S.,
R. 17 E., Brandenburg Mountain Quadrangle, Pinal County, Arizona.

4. Saddle Mountain: Wl/2, NE1/2, sec. 19, T. 5 S., R. 17 E.,
Saddle Mountain Quadrangle, Pinal County, Arizona.

5. Steamboat Mountain: NW1/4, SE1/4, sec. 12, T. 4 S.,
R. 14 E., Hayden Quadrangle, Pinal County, Arizona.

1.3 Methods and Procedure

The stratigraphic sections at these five localities (Fig. 1) 
were measured using a Jacob's staff, Brunton compass, and tape. The 

procedure was to mark every five foot interval and to label every ten 

foot interval. Using the line of section as a zero foot reference 

marker, the lateral and vertical relationships of all fossils found were 

plotted next to the detailed description of each lithologic unit. All 

specimens found in place were collected and labeled for further exami
nation. Specimens found in float were collected separately to use for 

further study of individual species as these were usually the best 

reference specimens. Hand samples were collected from each bed and/or
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sedimentation unit. Each sample was labeled and its stratigraphic ori
entation noted.

All fossils collected were identified as best as possible with 
the literature available. The hand specimens collected were scanned 
with a binocular microscope to obtain a more complete faunal list. The 
light residues from Witter*s (research in progress) heavy liquid sepa
rations for conodonts were examined for microfossils. These sections 
were scanned for additional fossils. All taxa found were plotted against 
their respective stratigraphic positions. From the combined data, re
current associations were determined for later paleoecological 
interpretations.

Ninety-five thin sections were made from the oriented hand 

specimens. As the optical properties of calcite and dolomite are very 
similar, the thin sections were stained to permit easier identification 
of the minerals. For this investigation, the staining technique of 
Dickson (1965) was used. The method consists of three steps: (1) acid

etching with 1.5 percent hydrochloric acid; (2) staining with an acidic 
solution of alizarine red-S and potassium ferricyanide, and (3) staining 

with an acidic solution of alizarine red-S. For a more complete discus

sion of the methods and techniques involved-in staining calcite and 

dolomite, the reader is referred to Dickson (1965). The thin sections 
were examined with a polarizing microscope. The rock descriptions are 
a combination of the field descriptions with the hand specimen and thin 

section descriptions. Dunham's (1962) classification of carbonate rocks 
was used for the rock type.
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All photographs were taken with a Fujica 35 mm single lens re

flex camera. All the appendix figures were taken with a 4 x 5 inch 
camera.

1.4 Previous Work
Although the Frasnian strata in Arizona have been well studied 

(Blake, 1901; Ransome, 1904, 1916; Huddle and Dobrovolny, 1952; LeMone, 
1958; Wright, 1964; Teichert, 1965; Pine, 1968; Krieger, 1968a-d; etc.), 

the Famennian strata, characterized by the Camarotoechia (=Paurorhyncha) 

endlichi fauna, have been little studied. Kindle (in Ransome, 1916) 
identified the first Famennian fossils in Arizona, found by Ransome just 
northwest of the Lake Roosevelt Dam. Barton (1925) reported a Camaro

toechia endlichi fauna in Aravaipa Canyon near the Buzan Ranch. Prior 

to Barton's discovery, ,C. endlichi had been reported from only the 
lower part of the Ouray Limestone in Colorado.

Stoyanow (1936, 1942) noted the occurrence of sandstone, shales, 
and carbonates stratigraphically above the Martin Formation yet below 
the Mississippian Escabrosa Limestone.' Stoyanow (1936) reported these 

strata from as far north as the Salt River Canyon to as far south as 

the Little Dragoon Mountains. Stoyanow noted _C. endlichi in these strata 
at several localities in this area including Pinal Creek, Aravaipa Can

yon and Peppersauce Wash. Based on faunal content and stratigraphic 

position, Stoyanow proposed the name Lower Ouray Formation for these 

strata. Because Stoyanow did not define the Lower Ouray Formation on 

lithologic characteristics but rather on faunal content, this name was



never accepted. Subsequent workers have continued to Include these 

sandstone, shales and carbonates In the Martin Formation.
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The fauna of the lower part of the Ouray Limestone in Colorado 

was studied in detail by Girty (1900) and Kindle (1909). Important 

among the fossils they reported were JS. endlichi and Syringospira prima. 

On the basis of these fossils, Girty and Kindle indicated that the lower 

Ouray Limestone was Late Devonian to Early Mississippian in age. Girty 

(1900) stated that the characteristics of the fossils in the lower Ouray 

Limestone more closely resembled the characteristics of Upper Devonian 

than Lower Mississippian fossils.

Stainbrook (1947) was the first to conduct a detailed study of 

the fauna of the Percha Shale in New Mexico. Stainbrook1 s primary in

terest was in the brachiopods of the Percha Shale. Included in this 

study was a locality on Mt. Martin near Bisbee, Arizona. Near the top 

of Mt. Martin, above the typical Martin limestones, Stainbrook collected 

several characteristic Percha Shale brachiopod species including Pauro- 

rhyncha (»Camarotoechia) endlichi and Syringospira prima. "This oc

currence is important because it shows that the Percha is younger than 

the Martin limestone carrying Spirifer hungerfordi." (Stainbrook, 1947, 

p. 498). Also, it shows that Stainbrook*s faunas on Mt. Martin and in 

the Percha Shale are correlative with the lower Ouray Limestone and are 

younger than Late Frasnian.

Teichert (1965) briefly reviews the work of Stoyanow and 

Stainbrook but makes no mention of either upper Upper Devonian strata 

or the Paurorhyncha fauna in his study area.
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Schumacher and others (1976), Witter (1976) and Schumacher (re

search in progress) have renewed investigation of the upper Upper De
vonian of south-central and southeastern Arizona. Schumacher and others 
(1976) described a sequence of green shales overlain by carbonates that 
contain an abundant Paurorhyncha fauna. These strata occur stratigraph- 
ically just below the Hississippian Escabrosa Limestone.

The Percha Shale, proposed by Gordon (1907), was divided into 
two members by Stevenson (1945): a lower unit consisting of fissile

black shale, and an upper unit characterized by yellowish to green-gray 
shales overlain by carbonates. Stevenson termed these the Ready Pay 
Member and the Box Member, respectively. Stainbrook (1947) noted an 
abundant Paurorhyncha fauna from the Box Member.

Because of the lithological and faunal similarity between the 
Box Member of the Percha Shale and the strata and fauna in Arizona, 

Schumacher and others (1976) proposed the name Percha Formation for the 
Arizona strata. Schumacher and others further divided the Percha Forma
tion into two informal members, a lower shale member and an upper car

bonate member.
For a more detailed review of the previous work on the Devonian 

in Arizona, the reader is referred to Teichdrt (1965) and Pine (1968).

Since Stainbrook (1947), little work has been done with the 
Famennian fauna of the Percha Shale or the Percha Formation. Sartenaer 

(1967, 1969) in Belgium, and McLaren (Clark, 1954) in Canada, have di

rected the most recent investigations on the Famennian using rhyn- 
chonellid brachiopod species, including some of the same species as
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occur in the Percha Shale and Percha Formation. Sartenaer and McLaren 

found rhynchonellid brachiopods to be valuable in constructing Upper 

Devonian biostratigraphic conations. " Using information on the strati

graphic ranges of rhynchonellid brachiopod species, McLaren and Sartenaer. 

independently established Upper Devonian rhynchonellid conations for 

much of the western United States and Canada.

In recent years, community paleoecology studies have played an 

increasingly important role in interpreting ancient sedimentary environ

ments which, in turn, have become valuable tools in the interpretation 

of local as well as regional paleogeography. The majority of recent in

vestigations on Paleocoic paleoecology have been conducted in the eastern 

United States. In this investigation, the following studies were very 

helpful: Fagerstrom (1964) and Johnson (1960) provided much of the back

ground work necessary for the recognition of fossil communities and the 

interpretation of their significance. Ziegler, Cocks and Bambach (1968) 

were concerned with the use of communities as an aid in reconstructing 

paleogeography and used an example from the Lower Silurian of the Welsh 

Borderland. Walker and Laporte (1970) investigated congruent communi

ties in the Ordovician and Devonian in New York. Laporte (1971) sum

marizes, the origin and distribution of early and middle Paleozoic 

biofacies and lithofacies in the central Appalachians. Heckel, Rigby 

and Hamblin (1972) discussed the recognition and characteristics of 

ancient shallow marine environments and included examples from the 

Devonian of New York and the Pennsylvanian of Kansas. Bowen, Rhoads 

and McAlester (1974) investigated the lateral relationships of marine
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benthic communities in the Sonyea Group (Upper Devonian) of New York. 
Thayer (1974) was interested in the lateral onshore-offshore faunal 

changes in the clastic Genesee Group (Upper Devonian) of the Catskill 
Delta in New York. Bretsky (1969) considered the evolution of Paleo
zoic communities. Anderson (1971) provides a good summary of many 
paleoecology studies. For the best summary of current trends in paleo- 

ecologic thought and of previous paleoecologic investigations, the 
reader is referred to Ziegler and others (1974).



CHAPTER 2

STRATIGRAPHY 

2.1 General Statement
The Percha Formation consists of a series of shales overlain by 

interbedded dolomites and limestones. Schumacher and others (1976) have 
divided the Percha Formation into two informal members— a lower shale 

member and an upper carbonate member. Throughout the study area the 
Percha Formation is a slope-forming unit (Fig. 2) separating the over- 
lying Mississippian Escabrosa Limestone from the underlying Devonian 

Martin or Cambrian Abrigo Formations. In the study area, the thickness 
of the Percha Formation varies from 35.4 to 73.5 m. This thickness 
variation occurs mainly in the shale member. The carbonate member re

tains a fairly constant thickness.

2.2 Nature of the Lower and Upper Contacts 
The Percha Formation disconformably overlies the Upper Devonian 

Martin Formation throughout the study area except at Saddle Mountain, 

where it disconformably overlies the Cambrian Abrigo Formation. Local

ly, this disconformity is marked by a thin (5-10 cm.) pavement of hema- 

titic, quartz sandstone to pebble conglomerate with abundant fish teeth 

and bone fragments. At Steamboat Mountain, where the pavement is absent, 

the shale rests directly on the carbonates of the Martin Formation.

11
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Figure 2. The Slope-Forming Percha Formation of Steamboat Mountain.

t
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The Mississippian Escabrosa Limestone disconformably overlies 

the Percha Formation. At Holy Joe Peak, this contact is marked by a 

cross-bedded quartz sandstone. A thin veneer of quartz sand with fish 

teeth and bone fragments represents the upper contact at Saddle Mountain 

and Steamboat Mountain. Elsewhere in the study area, the contact is 

difficult to place as the sandstone marker is absent and the upper dolo

mites of the Percha Formation very closely resemble the lower carbonates 

of the Escabrosa Limestone.

2.3 The Shale Member

The shale member consists of a thin sandstone unit overlain by a 

thick shale unit. The basal sandstone unit occurs as a hematitic pave

ment with sand to pebble size quartz and abundant fish teeth and bone 

fragments cemented by dolomite (Fig. 3). Where present, the hematitic 

pavement is dark red (10R 2/2). The average thickness is less than 10 

cm., although on Holy Joe Peak an anomalous 8.5 m. is present (Donald 

P. Witter, personal communication, 1976).

Quartz and an illite-like clay (Pine, 1968) with rare dolomite 

characterize the shale unit. The shale is fissile and very thinly bed

ded (less than 1 cm.), and varies from green (5Y) to yellow-brown (5YR- 

10YR) and red (10R) (Fig. 4). Except for possible fecal pellets, the 

shale is unfossiliferous.

The total thickness of the shale member varies from 24.3 to 

52.4 m. The shale member is a slope-forming unit throughout the study 

area (Fig. 4).



14

Figure 3. The Basal Sandstone.

Figure 4. The Shale Member at Steamboat Mountain.
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2.4 The Carbonate Member

The carbonate member consists of a series of thin- to thick- 
bedded mudstones and packstones to grainstones (Fig. 5). The mudstones 
are characterized by low to moderate resistance to weathering and form a 
series of slopes and ledges. A massive cliff-forming mudstone forms the 
top bed of the carbonate member in the study area. The dolomites range 
from yellow-brown (5YR-10YR) to light red (10R), very silty, unfossil- 
iferous mudstones to slightly silty, very fossiliferous wackestones 
(Figs. 6-10, in pocket).

In the study area the grainstones occur at only two levels—  

approximately 9-10 m. above the base of the carbonate member, and near 
the top of the section (approximately 18 m. above the base). The grain
stones are thick-bedded and form resistant ledges. The grainstones 

range from dark gray (5Y) to orange (10YR) to reddish-purple (5R-10R), 
slightly dolomitic, silty packstones to slightly silty grainstones.

The carbonate member is very fossiliferous. The average thick

ness of the carbonate member is 22.5 m. except at Steamboat Mountain 

where only 13 m. were measured. As a whole, the carbonate member forms 
ledgy slopes.

The vertical and lateral distribution of detrital quartz in the 
carbonate member varies significantly across the study area (Figs. 6-10). 
The quartz content is greatest at Steamboat Mountain (Fig. 6) where it 

is fine- to coarse-grained, angular to subangular. Towards the south

east the quartz becomes finer grained and more rounded until at Holy Joe 

Peak the quartz is very fine grained and subrounded to rounded. A major
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Figure 5. The Carbonate Member at Brandenburg Mountain.
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influx of very coarse, very angular quartz occurs throughout the study 

area near the top of the lowest grainstone unit (9-12 m. above base) 
and in the overlying dolemitic wackestone. Significant influx of fine- 
to medium-grained, subangular to subrounded quartz occurs again near 

the top of the section. These influxes of quartz occur at approximately 
the same stratigraphic interval throughout the study area and can be 
used as time lines for correlation (Fig. 11, in pocket).

On Brandenburg Mountain abundant calcite-filled quartz geodes 

occur in the mudstones of the carbonate member. At Saddle Mountain and 
Steamboat Mountain large amounts of limonite occur just below to just 

above the Paurorhyncha assemblage. The cubic form indicates it is li
monite after pyrite. No explanation is attempted here for these occur
rences; however, their presence and abundance is worth noting.

2.5 Extent of the Percha Formation

The Percha Formation has been recognized as far north as the 
Salt River Canyon, as far south as the Mexico Border near Bisbee, Arizona, 
and as far west as the Lake Roosevelt Dam. Based on lithologic simi

larity and stratigraphic position, the Morenci Shale appears to be an 

eastward extension of the Percha Formation. The Box Member of the 

Percha Shale near Silver City, New Mexico, appears lithologically iden
tical to the Percha Formation in Arizona.

In the study area, the Percha Formation was deposited in a 

northwest-southeast trending basin. Steamboat Mountain, which has the 

highest clastic influx, was near the paleo-shoreline. Holy Joe Peak, 
which has the least clastic influx, was the furthest offshore.



CHAPTER 3

PALEONTOLOGY OF THE PERCHA FORMATION 

3♦1 Introduction
Reconnaissance work on the Percha Formation indicated that the 

shale member was unfossiliferous, but the carbonate member was very fos- 

siliferous. A more detailed analysis of the carbonate member showed 
that fossils were abundant in float but not nearly as abundant in place. 
For this reason two types of collections were made at every locality. •

A collection of specimens found in float was made to aid in a detailed 

analysis of individual species and of relative diversity. A detailed 
collection of fossils found in place was also obtained. For the de

tailed collection the vertical and lateral stratigraphic position of 
each fossil was plotted next to the lithologic description of that 
unit (Figs. 6-10). The line of section was used as a zero meter lateral 

reference point. The only limits placed on the lateral extent for col
lecting were the limits of the outcrop. From this detailed collection 

data were obtained to aid in reconstructing faunal associations for
V

later paleoecological analysis and interpretation.

3.2 Paleontology
The shale member is unfossiliferous except for scattered fecal 

pellets (?). Locally, a thin hematitic, quartz sandstone bed occurs at 

the base of the shale. Fish teeth and bone fragments litter the surface

18
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of this sandstone. At a locality on Highway 77, approximately 24 km. 

northeast of Winkleman, reworked lower Upper Devonian fossils (Atrypa, 
Coenites), trace fossils (Cruziana-trilobite trails), and abundant cono- 
donts on bedding plane surfaces (Witter, 1976) were found in association 
with the fish fragments.

The carbonate member is moderately fossiliferous. Faunal di

versity and abundance are low in the basal beds (0-5 m.), increasing to 

maximum diversity 10-12 m. above the base of the carbonate member, then 
rapidly decreasing (Figs. 6-10). For ease in referring to the relative 

stratigraphic position of the taxa, all measurements refer to meters 
above the shale-carbonate member contact.

The first occurrence of a fairly diverse fauna occurs at approxi

mately 2 m. at Saddle Mountain where Cyrtospirifer, Ensiferites, several 
bryozoa, and crinoid columnals were found (Fig. 7). This is the lowest 
occurrence of these taxa in the study area.

An Ensiferites dominated assemblage is present at two distinct 
stratigraphic horizons throughout most of the study area. Figure 12 

shows the vertical and lateral relationships of this assemblage across 

the study area. The lower Ensiferites assemblage begins at 7-10 m. 

throughout the study area except at Brandenburg Mountain II where only 
the upper Ensiferites assemblage is present (Fig. 12). At Steamboat . 

Mountain, Saddle Mountain, and Holy Joe Peak, zaphrentid corals and 
trepostome bryozoa are common to abundant in the lower Ensiferites as

semblage. At Brandenburg Mountain I, Ensiferites and zaphrentids are 

common but trepostome bryozoa are rare. Crinoid calyces (Appendix
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Figure A.5) were collected in the lower Ensiferites interval at Steam
boat Mountain and Saddle Mountain. Lacy Bryozoa with hold-fast or root 
structures preserved (Fig. A.3) are fairly common at Holy Joe Peak and 
are also present at Steamboat Mountain. Throughout the study area, the 
delicate spicules on the sponges are well preserved. Overall, the taxa 

of the lower Ensiferites assemblage are very well preserved and show 
little evidence of post-mortem transport or flattening due to compaction 
of the sediments. The Ensiferites assemblages commonly occur in mud

stones and wackestones.
At Brandenburg Mountain II the first major assemblage (7-8 m. 

above the base) is represented by Leioproductus and Syringospira rather 

than Ensiferites. Although Leioproductus and Syringospira are common, 
this assemblage is less diverse than that of the Ensiferites assem- 
blages. The taxa are fairly well preserved; however, some post-mortem 

transport has occurred as is evidenced by broken alae on Syringospira 
and broken spines on Leioproductus. Leioproductus and Syringospira 
occur in wackestones to packstones.

A Paurorhyncha assemblage overlies the lower Ensiferites assem
blage starting 10-11 m. above the base at Steamboat Mountain, Saddle 

Mountain and Brandenburg Mountain I (Figs. 6-8). At Brandenburg Moun
tain II the Leioproductus-Syringospira assemblage grades into the 

Paurorhyncha assemblage (Fig. 9). At Holy Joe Peak the exposures of 

this interval are not conducive for identifying or collecting fossils. 
Paurohryncha is common throughout the study area except at Holy Joe 

Peak. Paurorhyncha is associated with Cyrtospirifer at Steamboat
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Mountain and Saddle Mountain, and with Leioproductus and Syringospira 

at Brandenburg Mountain I and II. In the Paurorhyncha interval, many of 
the macrofossils are abraded and some of the large brachiopods are 

filled with fine-grained dolomite indicating probable post-mortem trans
port with some flattening due to compaction of the sediments.

Abundant Ensiferites characterize the uppermost fossil assemblage 
(12-14 m. above base). This upper Ensiferites assemblage is absent at 

Steamboat Mountain but present throughout the rest of the study area.
Rare to common zaphrentid corals occur with Ensiferites at Saddle Moun

tain, Brandenburg Mountain I and Holy Joe Peak. At Brandenburg Mountain 

II Schizophoria is commonly associated with Ensiferites. The preserva

tion of the fossils within this upper Ensiferites assemblage is good.

The upper Ensiferites assemblage occurs in mudstones and wackestones.
In the transition zone between the Ensiferites assemblages and 

the Paurorhyncha assemblage, an ostracod-algae assemblage was discov
ered. This assemblage can only be recognized in thin section but it is 
present throughout the study area. The microfossils are very abundant 
and occur primarily in dolomitic wackestones.

Above the upper Ensiferites assemblage, the faunal diversity 

decreases rapidly. The upper three meters of the carbonate member con
tain only sparse, poorly preserved fossils.

Rare, poorly preserved pectinoid clams occur just below the 

lower Ensiferites assemblage and just above the upper Ensiferites as

semblage. No complete specimens were found, although numerous frag

ments were found. These pelecypods always occur in the mudstones.
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For a more detailed description of the stratigraphic distribu

tion and relative diversity of taxa found in the Percha Formation, the 

reader is referred to Figures 6 to 10.
In order to compare the fauna of the Percha Formation to the 

fauna present in the Percha Shale, fossils were collected from the Box 
Member of the Percha Shale at two localities in southwestern New Mexico—  

at Bear Mountain, 8 km. northwest of Silver City and from a road-cut

17.5 km. east of the Highway 85-91 intersection east of Santa Rita (SE 

1/4, sec. 11, T. 14 S., R. 15 W., and NE1/4, sec. 20, T. 17 S., R. 11 
W., respectively).

In general, the New Mexico brachiopod and coral faunas are much 

more diverse and abundant than the Percha fauna in Arizona. Bryozoans, 
however, are not as diverse or as abundant as in the Percha of Arizona, 

Many of the species in the Arizona Percha Formation are identical to 
those present in the New Mexico Percha Shale, most importantly the 
brachiopods Paurorhyncha, Cyrtospirifer, Paraphorhynchus (=Porostictia),, 

and Leioproductus. The zaphrentid coral and lacy bryozoan Ptiloporella 
are also present in both New Mexico and Arizona. The Percha Shale sec

tions in New Mexico were not collected systematically. Thus, assem
blages or associations cannot be compared at this time. The results of 

the comparison of the Percha Shale fauna with the Percha Formation fauna 
are summarized in Table 1.

3.3 Age and Correlation

McLaren (1954) and Sartenaer (1967, 1969) found rhynchonellid 

brachiopods to be very useful in setting up biostratigraphic zonations



Table 1. Fossil Distribution of the Percha Formation, South-Central Arizona and New Mexico

Fossils
Holy Joe 

Peak
Brandenburg Mountain 

Sec. 2 Sec. 1
Saddle

Mountain
Steamboat
Mountain

Silver City, 
New Mexico

Ensiferites a c a a c
trepostome bry. a r r a a
zaphrentid c r c a a a
P tychomalotoechia c r c c a
Composita r r c a
Cleothyridina r r r r . r a
Tylothyris . r r r c r c
Torynifer c c r a
Schizophoria c a
Rhipidomella r r r r r c
Strophopleura r r-c r r r-c
S chellwienella r r

Leioproductus r a a r r a
Syringospira r a c r-c r r-c

Paurorhyncha r a a a a c—a
Cyrtospirifer r-c c a r-c a
Porostictia r r r c

pelecypod r r r r r c
gastropod r r r
Aulopora r a r-a r-c r c
Ostracods r r c r-c r a
Spirorbus r r
conodonts r r a c r
stick bryozoa a r c a a a
lacy bryozoa a r c a a a
echinoids r r a c a
crinoids a c a a a a
bone fragments r-c r r-c a r-c r to4>
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for the Upper Devonian in Canada and the northwestern United States.
"Rhynchonellid brachiopods are chosen as characteristic zone 
fossils as they are among the commonest forms throughout the 
sequence and are widespread. In addition it can be shown that 
their environmental tolerance was wide and, with some notable 
exceptions, they appear to have been largely unaffected 
morphologically by differing living conditions. Their evo
lution was rapid, and time range of individual species short" 
(McLaren, 1954, p. 161).

McLaren (1954) describes a Nudirostra utahensis ventricosa 
(Haynes) zone from the uppermost Devonian in the Canadian Rocky Moun
tains. He listed associated taxa as Productella (=Leioproductus) pli- 

cata Kindle, Cyrtospirifer cf. C. kindle! Stainbrook, and Strophopleura 
notabilis Kindle. Although Nudirostra has not been found in the Percha 

Formation (Arizona) or the Percha Shale (New Mexico), these associated 
species have been found throughout the study area as well as in the 
Percha Shale near Silver City and Santa Rita, New Mexico. Stainbrook 
(1947) reported Cyrtospirifer kindle!, Strophopleura notabilis, and 
Productella plicata from the Percha Shale near Hillsboro, New Mexico, 
and Kindle (1909) reported these species from the Ouray Limestone in - 
Colorado.

Sartenaer (1969) redescribed McLaren*s (1954) Nudirostra uta
hensis ventricosa (Haynes) and assigned it to Gastrodetoechia utahensis 

utahensis (Kindle), which is one of the guide fossils for Sartenaer*s 
Gastrodetoechia-Paurorhyncha zone. Sartenaer (1967) also tentatively 

describes an Evanescirostrum-Porostictia zone. Paurorhyncha and 

Porostictia (=Paraphorhynchus) occur in the Percha of Arizona and New 
Mexico as well as in the Ouray Limestone in Colorado. Sartenaer stated 
that Paurorhyncha and Gastrodetoechia were not found together because
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they occupied differing geographical regions but that they actually 
"played a similar role in biocoenosis . . . "  (Sartenaer, 1967, p. 1057). 
Hence, Sartenaer set up a Gastrodetoechia-Paurorhyncha zone. "The same 
reasoning applies to Porostictia perchaensis and Evansecirostrum sever- 
soni or E. albini." (Sartenaer, 1967, p. 1057). The Gastrodetoechia- 
Paurorhyncha zone was formally established with a range limited to lower 

Upper Famennian (Sartenaer, 1969, fig. 2, fig. 3). Sartenaer was wait
ing on more information before he formally established an Evanescirostrum- 

Porostictia zone, although the informal zone has also been assigned to 
the lower Upper Famennian (Fig. 13).

Sandberg (1976), Schumacher and others (1976) and Witter (1976) 

found that the conodont faunas of the Percha Formation belong to the 
Polygnathus styriacus zone. Their work independently supports an early 
Late Famennian age for the Percha Formation (Fig. 13).

The Percha Formation has previously been correlated with the 
Percha Shale and the Ouray Limestone. Based primarily on Sartenaer* s 
(1969) and Sandberg’s (1976) work, the Percha Formation can now be 

correlated with many formations in the western United States and Canada 
(Sartenaer, 1969, fig. 3; Sandberg, 1976).
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CHAPTER 4

SEDIMENTARY ENVIRONMENTS OF THE PERCHA FORMATION 

4.1 Introduction
Sedimentary environments hold the key to virtually every inves

tigation that deals with sedimentary rocks. Correct interpretation of 

these sedimentary environments is one of the major tasks of workers 

today. The major criteria currently used in recognizing depositional 
environments are the physical, chemical, and biological characteristics 

of the sediments. For a good review of these criteria, the reader is 
referred to Heckel (1972), Laporte (1969, 1971), and Selley (1970). 
Variations in constituent carbonate grains and faunal diversity and 

abundance are the primary criteria used for recognizing different sedi
mentary environments in the Percha Formation.

The Shaw (1964)-Irwin (1965) model for clear water sedimenta
tion in epeiric seas (Fig. 14) can be applied fairly successfully for 

the Percha Formation. This model shows that in epeiric seas there are 
three main energy zones: a low energy, below wave base zone charac

terized by lime muds and a fairly diverse fauna; a high energy, wave 

base zone which is characterized by skeletal sands and moderate faunal 

diversity; and a low energy, above wave base zone dominated by lime muds 

and a low faunal diversity and abundance.

28
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to
VO



30
4.2 Sedimentary Environments

As previously noted, the Percha Formation is divided into a 
shale member overlain by a carbonate member. Locally, a hematitic, 
quartz sandstone pavement with abundant fish teeth and bone fragments 
occurs at the base of the shale member. This thin bed represents the 
initial phase of the Percha transgression and was deposited in a near

shore, high energy environment. Witter (1976) suggests that this could 

be a transgressive lag deposit.
The shale is very fine grained, thinly bedded, laminated (Pine, 

1968), and contains scattered silt, euhedral dolomite, and fecal (?) 

pellets. Other than the pellets, the shale is unfossiliferous. Laporte 
(1969) notes that pellets and lime muds commonly form in nearshore, 

variable environments with poor circulation. Euhedral dolomite commonly 
forms as a result of recrystallization of lime muds (Beales, 1953).
Using the Shaw-Irwin model, lime muds with a very sparse fauna are formed 
in the low energy environment above wave base. This is the interpreted 
environment of deposition for the shale of the Percha Formation.

The carbonate member can be divided into four lithologic units 

with variable faunal abundance and diversity: (1) mudstones containing
abundant and diverse faunas; (2) wa ekes tone's with abundant taxa; (3) 

packstones to grainstones with abundant taxa; and (4) mudstones with 
only a sparse fauna.

Dolomites (mudstones), wackestones, and packstones with abundant 

and diverse faunas occur throughout the study area from 2-10 m. (except 
at Brandenburg Mountain II) and from 12-18 m. above the shale-carbonate
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member contact. Abundant sponges, bryozoa, coral, crinoids, and common 
brachiopods occur In these beds. Laporte (1969, Table 2) notes that 
sponges most commonly occur In the open shallow shelf in the low energy 
environments. Laporte also notes that crinoids, brachiopods, and bryo
zoa can occur in high or low energy environments. The brachiopods 
found in these beds are small and thin-shelled (Ptychomalotoechia, 
Torynifer) or have modifications for living on soft substrate (exag
gerated interareas and/or extended alae, Furisch and Hurst, 1974). In 

thin section the matrix consists of euhedral dolomite crystals in a dolo
mite groundmass. This was formed by the recrystallization of lime muds 
which form in low energy, quiet water environments. Based on the high 
abundance and diversity of the fauna in these strata, the beds are 
interpreted to have formed in the low energy zone below wave base 
(Fig. 15).

At Brandenburg Mountain II, the mudstones mentioned above are 

replaced by packstones, with abundant fossils (at 2-10 m. above base). 
These strata are characterized by abundant Leioproductus and Syringo- 

spira brachiopods. Thin section analysis indicates these beds were 

poorly washed skeletal sands or periodically agitated lime muds. Leio
productus and Syringospira are both well adapted to live on soft, fine

grained sediments (spines for support and extended alae with an 

exaggerated interarea, respectively) but are also large enough and 
stable enough to withstand periodic agitation. On this basis, then, 

these strata are interpreted to have formed in the periodically
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agitated environment in the transition zone between the high and low 

energy environments just below wave base (Fig. 16).
A packstone-grainstone unit occurs at 10-12 m. above the shale- 

carbonate member contact. This unit is characterized by the Pauro- 
rhyncha-dominated assemblage. The brachiopods in these strata are 
large and thick-shelled for stabilization in agitated environments 

where there is a shifting substrate (Furisch and Hurst, 1974). Thin 
section analysis indicated this is a moderately- to well-washed 

erinoidal-skeletal sand, characteristic of a high energy environment. 
Based on the morphological adaptations of the brachiopods and on thin 

section analysis, these strata are interpreted to have formed in the 
high energy environment in the wave base zone (Fig. 17).

Rare to common pectinoid clams occur in the sparsely fossilif- 

erous mudstones from 0-2 m. and 18-22 m. above the base of the carbonate 
member. Thin section analysis of these mudstones, especially from 

Brandenburg Mountain I, indicates fairly extensive burrowing and mot
tling. The mudstones are interpreted to be recrystallized lime muds 

which form in low energy environments. Because of the low diversity 

and abundance, and the presence of molluscs, these strata are inter
preted to have formed in the low energy environment above wave base.

A packs tone-grains tone occurs between the Ensiferites-bearing 

mudstones and the sparsely fossiliferous mudstones (at 2-3 m. and again 

at 16-18 m.) throughout the study area except at Steamboat Mountain 

(Figs. 6-10). These packstones are poorly washed skeletal sands which 

form in periodically agitated waters. Because the packstones occur



LEIO PR O D U CTU S ---------

SYRINGOSPIRA

0

EN VIR O N M EN TS

------------------------------ ----

Energy <$\  - Energy

A SS O C IA TIO N

R E L A T IV E
D IV E R S IT Y

H ig h  ! f  ,

M od  | ^ ------- " ' j

Low ---------- -------- - !

Figure 16. Environmental Occurrence of Leioproductus and Syringospira.



PAURO RHYNCHA

CYRTOSPIRIFER

NVIRONM ENTS Low

Energy

Low

Energy

A S S O C IA T IO N

DCI ATIY/IT H iah
1
1

n c .L A l IV c
D IV E R S IT Y M od

11 1
Low •

Figure 17. Environmental Occurrence and Relative Diversity of the Paurorhyncha Assemblage



36

between mudstones which formed above wave base and mudstones to wacke- 
stones which formed below wave base, these strata are interpreted to 
have formed in the agitated waters at to just above wave base.

These environmental interpretations, when plotted against the 
lithologic column, indicate that the Percha Formation is a transgressive- 
regressive sequence. A regressive pulse is represented by the pack- 
stone to grainstone at 10-12 m. above the shale-carbonate member 

contact (represented by the Paurorhyncha-dominated assemblage). The 

vertical distribution of these environments indicates a slow transgres
sion followed by a fairly rapid regression (Fig. 18). Using the periods 
of high influx of detrital quartz into the Percha Basin as time lines 

suggests that the Percha Formation is slightly time-transgressive 
(Fig. 11).
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CHAPTER 5

PALEOECOLOGY

"A logical approach to paleoecology is ... . first to study the 

habits and habitats of all fossil species present— in as much detail as 
possible— and then to bring those studies together in a general picture 

of the life of the community" (Ager, 1963, p. 297).

5.1 Introduction
Throughout this study, all groups of fossils found together 

have been referred to as assemblages. Ager (1963) defines an assemblage 
as "all the organisms found together in a particular stratum." This 
definition is valuable in the early stages of a paleoecology study—  

while the data are being collected and compiled— before the final, 
interpretive steps of a study. For this chapter on paleoecology— the 
interpretation of the data— Kauffman's (1974) "community"-level units 

may be used. Kauffman's lowest unit, assemblage, is defined as "an
accumulation of organisms from more than one community usually derived

;
through secondary transport and mixing . . .". An association is any 

part of a single community. A community consists of "the sum total of 
interacting organisms, small and large, hard- and soft-bodied, which 
in combination are unique taxonomically and distinct spatially, from 

surrounding communities. The community usually has certain distinct 

and coincident environmental boundaries (e.g., substrate, . . . »  etc.)"

38
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(Kauffman, 1974, p. 12.2). According to Kauffman's definitions, then, 
a true community is rare to nonexistent in the fossil record. Rather, 
associations are what paleoecologists work with and are the primary 
focus of this study.

5.2 Problems and Methods in 
"Community" Reconstruction

One of the major objectives of this study was to determine the 
presence of recurrent fossil assemblages, as recurrent assemblages are 

often indicative of associations or community elements. Before associ
ations can be interpreted or communities reconstructed, questions con

cerning the influence of all pre-lithification factors must be 

considered. This includes loss of the fossil record through nonpreser
vation, size-selection due to winnowing or by the method of sampling 
applied, mixing due to wave or current actions, time averaging, etc.
(For a more complete summary, see Kauffman, 1974). Once the factors 

effecting the preservation of associations have been recognized and 
considered, the reconstruction processes may begin.

Kauffman (1974) describes seven steps in the process of recon
struction. These include (1) samples— preferably large, numerous,

4

random, and from the same living surface; (2) interpretation of the 

sedimentary environments— to determine the roles of diagenesis in the 
destruction of organisms;. (3) biofabric analysis— are the taxa obviously 

transported? (4) taphonomic analysis— study of the mode of preservation 

of all taxa; (5) ecological compatibility— removal of taxa which are

known to be incompatible with the rest of the taxa; (6) residue
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analysis— after 1 through 5, the residue biota represents the probable 
association; and (7) addition by inference— taxa that probably lived 
there but were not preserved. (For a more detailed discussion of the 

steps in the reconstruction of associations, see Kauffman, 1974).
In the mudstones and wackestones, the taxa are well preserved. 

Brachiopod valves are found articulated and unabraded, several crinoid 
calyces with their arms still intact were found, and nearly complete 
specimens of lacy bryozoans were found, some with their hold-fast struc
tures preserved. Little mixing has taken place in these beds. There 

has been some flattening, probably due to slight compaction of the sedi

ments, but otherwise the taxa are very well preserved, indicating little 
disturbance after death and before burial.

In the packstones and grainstones (10-12 m. above the base of 

the carbonate member) some winnowing has occurred. The brachiopods are 
found predominantly in one large size range, indicating preferential 

winnowing of the smaller brachiopods. Although many of the brachiopod 
shells are filled with coarse-grained sediments, some of them are filled 
with fine-grained sediments, indicating transport after death. Several 
factors, however, indicate little transport of the major faunal ele

ments took place. First, the valves of the brachiopods are still ar
ticulated, although many are abraded. Secondly, if major post-mortem 

transport of the faunal elements from neighboring environments had oc

curred, some evidence of the latter environment should exist. This is 

not the case. Rather, with the change in sediment type, a similar 

change in the composition, abundance, and diversity of the taxa occurs.
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Minor faunal elements, such as crinoid debris and bryozoan hash, were 

probably transported and thus must be disregarded in community recon

struction in the packstones and grainstones.

5.3 Recurrent Associations and 
"Community" Reconstruction

Two main faunal assemblages occur in the Percha Formation (see 
sec. 3.2): a lower and an upper Ensiferites-dominated assemblage, and

a Paurorhyncha-dominated assemblage. Assemblages that are recurrent and 
have been little disturbed after death are indicative of community ele

ments (Johnson, 1960; Valentine, 1973; and Kauffman, 1974) and represent 
Kauffman's association. The Ensiferites and Paurorhyncha assemblages 

are recurrent throughout the study area and the taxa are very well pre
served. On this basis, these assemblages are interpreted to represent 

community elements or associations.

5.3-1 The Ensiferites Association
Ensiferites (sponges), trepostome bryozoa, and a zaphrentid 

coral are the dominant organisms in the lower Ensiferites association 
(Fig. 19), while Ensiferites and trepostome bryozoa dominate the upper 
Ensiferites association (Fig. 20).

Ensiferites (sponges) grow in globular mound-like shapes ranging 

in diameter from less than one centimeter to more than seven centi

meters with heights of less than one centimeter to more than five centi
meters (Fig. A.2). This size variation indicates that both juvenile 
and adult specimens are present. The sponges occur in clusters of
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Figure 19. Relative Abundance in the Lower Ensiferites Association.
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Figure 20. Relative Abundance in the Upper Ensiferites Association.
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4 to 6 and are spaced 3-5 m. apart. Their globular, mound-like shape is 
indicative of a fairly quiet environment. Sponges are epifaunal, low- 
level suspension feeders.

Trepostome bryozoa grow in mound-like shapes ranging in diameter 

from one centimeter to more than seven centimeters with heights of one 
centimeter to five centimeters (Fig. A. 4). Based on field observation 

and general morphology, the bryozoans appear to have grown first as a 
mat on the soft substrate, then gradually grew into mounds. The size 
variation indicates that both juvenile and adult specimens are present. 
The trepostomes lived in small clusters (2-3) as did the sponges, but 

were more evenly distributed across the sea floor. Trepostome bryozoa 
are epifaunal, low-level suspension feeders.

Zaphrentid corals range in size from less than 0.5-3 cm. in 

length. The zaphrentids are found in small clusters as much as 10 m. 
apart. Zaphrentids are epifaunal carnivorous suspension feeders.

The brachiopods that are commonly associated with Ensiferites 
are usually small and adapted to life on a soft substrate. They are 
all epifaunal suspension feeders.

Ptychomalotoechia (Fig. A. 6), Tylothyris, and Strophopleura 

notabilis are thin-shelled, plicated, and have a distinct median sulcus 
to keep the commissure as far away from the substrate as possible 

(Furlsch and Hurst, 1974). Plications restrict the sediment size that 

can enter the mantle cavity and constrict the passageway for nutrients 
essential to the brachiopods (Rudwick, 1974). Tylothyris and
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Strophopleura have slightly extended alae for support on soft substrate 

(Furisch and Hurst, 1974).
Torynifer spinosus is ornamented with many rows of spines rather 

than plicae. These spines support Torynifer in the soft substrate and 

also serve as sensory warning devices to help keep the mantle free of 
sediment. As sediment particles touch the spines, the valves close, 
preventing the sediment from entering the shell (Rudwick, 1974).

Composita bellula and Cleothyridina have thin, smooth shells and 

a functional pedicle. Both (3. bellula and Cleothyridina were probably 
attached to shell fragments, algae, or some other particle on the sea 

floor by their pedicle.
Syringospira prima and Schizophoria australis are the only large 

brachiopods common in the Ensiferites association. Syringospira (Fig.

A.7) has a very exaggerated interarea, which acts as a snowshoe in pro
viding a large resting area for support on the soft substrate. Syringo
spira also has extended alae, which act as skiis to keep the shell 

"floating" on the muddy substrate. This resting position keeps the com
missure the greatest distance away from the substrate and keeps the 
valves more free of sediment. For a more detailed discussion of 

Syringospira the reader is referred to Cooper (1954).
Schizophoria (Fig. A.8) occurs on Brandenburg Mountain in the 

upper Ensiferites association only. Schizophoria has a large, flat 
pedicle valve and a moderately convex brachial valve. The flat pedicle 
valve supplies the large resting area for Schizophoria. The development
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of a sulcus and fold keep the commissure above the substrate and pre

vent excess sediment from entering the mantle cavity.

Echinoids, lacy bryozoans, crinoids, and ostracods are common 

constituents of the Ensiferites association. The echinoids (Fig. A.5) 

are probably mobile epifaunal deposit feeders (Thayer, 1974) and are 

commonly found in quiet water environments with soft substrate.

At Brandenburg Mountain I, Saddle Mountain, and Steamboat Moun

tain several crinoid calyces with their arms still intact were found, 

indicating very quiet waters. The crinoids were anchored to the sub

strate by some type of root system. Crinoids are epifaunal high-level 

suspension feeders.

Nearly complete specimens of lacy bryozoans (Ptiloporella. Fig. 

A. 3) were found at Holy Joe Peak and Steamboat Mountain. These speci

mens display a root-like structure at the base which is the means by 

which Ptiloporella anchored itself in the soft substrate. Lacy bryo

zoans are epifaunal, low- to high-level suspension feeders (Thayer, 

1974; Walker, 1972).

Ostracods are common throughout the study area. Ostracods are 

mobile epifaunal and infaunal (benthonic) deposit feeders (Benson,

1961).

Fish teeth and bone fragments commonly occur with the Ensif

erites association. The fish were scavengers and/or predators. Al

though fish are mobile and did not "live?* in this association, they 

are still an important part of the association and should be considered 

when discussing the Ensiferites association.
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Organisms not preserved in the fossil record are indicated by 
the traces they left and by inference. Tasch (1973) indicates nematode 
worms, amphipod crustaceans, and shrimp commonly live in and on sponges. 

Taonurus, grazing burrows, indicate the presence of epifaunal and/or 

infaunal deposit feeders. Escape burrows indicate the presence of pos
sible infaunal suspension or deposit feeders. Traces of algae in thin 
section are evidence of primary producers. So, although epifaunal, low- 

and high-level suspension feeders dominate the Ensiferites association, 
primary producers, deposit feeders, scavengers, and predators were also 
present (Fig. 21).

At Brandenburg Mountain I, the lower Ensiferites association is 
dominated by zaphrentid coral, Leioproductus, Syringospira. and Ensif

erites ♦ Trepostome bryozoans are rare to absent. The sediments of the 

lower Ensiferites association are slightly more coarse-grained than 
elsewhere in the study area, indicating slightly more agitated waters.

At Steamboat Mountain, no upper Ensiferites association is de
veloped. The Paurorhyncha association is overlain directly by the 
molluscan assemblage. Further information must be gathered before an 

explanation can be offered for this vertical succession.
A plot of the vertical variation of the relative abundance of 

detrital quartz throughout the study area (Figs. 6-10) shows an inverse 
relationship between the Ensiferites association and the amount of 
detrital quartz. The taxa of the Ensiferites association flourished 

during the intervals of low quartz influx. High influxes of quartz 

correspond to decreases in the diversity and abundance of the



Figure 21. Schematic Reconstruction of the Ensiferites Association: E-Enaiferites; Z-
zaphrentids; t-trepostome bryozoans; S-Syringosplra; L-Leioproductus; Pt-Ptychomalotoechia; 
Cb-Composlta; Sz-Schizophoria; Tn-Tylothyris; g-gaatropod; e-echinoid; cr-crinoid; b-burrow. 4>

CO



49

Ensiferites association. This suggests that Ensiferites association 
thrived in areas of and during the times of low clastic influx.

5.3-2 The Pa'urorhyncha- Association
The Paurorhyncha association is dominated by Paurorhyncha end- 

lichi, Paurorhyncha cooperit and Cyrtospirifer kindled (Fig. 22).
Paurorhyncha cooperi and Paurorhyncha endlichi are very large, 

thick-shelled rhynchonellid brachiopods (Figs. A.6-1, 2, 10, 11). P. 
cooperi is moderately plicated while £. endlichi has strong, angular 

plications. Both P_. cooperi and P. endlichi have a strong median sul
cus. The size of the pedicle opening indicates that the pedicle was 
atrophied in the adult stage. Although the pedicle was atrophied, the 
large, thick shell served to stabilize Paurorhyncha in agitated to 
turbulent waters. The strong angular plicae help restrict the amount 
of coarse sediment which can enter the mantle cavity (Furlsch and 

Hurst, 1974). The strong median sulcus keeps the commissure well above 
the substrate. Paurorhyncha cooperi and ]?. endlichi are epifaunal sus
pension feeders. Paurorhyncha was fairly evenly distributed across the 
sea floor, although locally they occur in pockets of three or four.
The size range of Paurorhyncha is constant (4-5 cm.) and indicates that 

winnowing of smaller specimens has occurred. Specimens smaller than

3.5 cm. are usually broken and badly abraded.

Cyrtospirifer kindle! (Fig. A.7) is a very large, thick-shelled 
spiriferid brachiopod with fine plications and a deep median sulcus. 

The pedicle foramen is fairly large in Cyrtospirifer indicating that
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PAURO RHYNCHA ASSOCIATION

P-Potrorhyneho 
Ck- Cyrlospirifer k'mdlei 
S- Syringaspiro 
L- Leoproduets

BB IIBB I

Figure 22. Relative Abundance in the Paurorhyncha Association
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the pedicle was still functional in the adult stage. The strong ped

icle and thick shell would serve to anchor and stabilize Cyrtospirifer 
in strongly agitated waters. The deep median sulcus aids in keeping 

the commissure the furthest distance above the sea floor. Cyrtospirifer 

is an epifaunal suspension feeder. The majority of Cyrtospirifer 
specimens found are 4 cm. in width, indicating winnowing of the smaller 
specimens.

In thin section, algal fragments, crinoid debris, echinoid 
debris, and bryozoan fragments are common. Most of this bioclastic 

debris was probably transported in and thus is not representative of 
the Paurorhyncha association.

Epifaunal, low-level suspension feeders dominated the Pauro
rhyncha association. The fairly large size of Paurorhyncha and Cyrto
spirifer (4-5 cm.) with no juvenile specimens preserved indicates the 

sediments have been winnowed (Fig. 23). No bedding characteristics are 
preserved, although scarce vertical burrows are present and indicate 
some bioturbation of the sediments.

At Brandenburg Mountain I and II the composition of the Pauro
rhyncha association has been greatly altered. Paurorhyncha is still 
abundant but Cyrtospirifer kindle! is rare and has been replaced by 
Leioproductus and Syringospira. The sediments present with this asso

ciation have not been winnowed, indicating a less turbulent environment. 
The morphological adaptations of Syringospira were described in 5.3-1.
Leioproductus, like Syringospira, is adapted to a lower energy
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environment with a softer substrate than Paurorhyncha and Cyrtospirifer. 

The size of the pedicle opening indicates that the pedicle was atrophied 
in the adult stage of Leioproductus« Rather, Leioproductus was stabi
lized in the sediments by numerous spines on the pedicle valve. The 

convex nature of the pedicle valve combined with the support of the 
valve by the spines kept the commissure above the sediment on the sea 
floor. Leioproductus is a semi-infaunal suspension feeder. The presence 
of abundant Leioproductus and Syringospira combined with the absence of 
Cyrtospirifer suggests that this Paurorhyncha association lived in a 
less agitated environment. The diversity of the Paurorhyncha associa

tion is greatest at Brandenburg Mountain. The diversity level and 

lower energy environment suggests the Paurorhyncha-Leioproductus- 
Syringospira association is transitional between the Paurorhyncha and 

the Ensiferites associations.

5.3-3 The Molluscan Assemblage
Rare to common pectinoid clams occur in the sparsely fossilif- 

erous dolomites from 0-2 and 18-22 m. above the base of the carbonate 
member. Pectinoid clams are epifaunal suspension feeders. Stanley 
(1970) suggests that most pectinoids were nswimmers" but Hedgpeth 

(1968) states that they can also be byssally attached or semi-infaimal. 

Based on the sediment type (mudstones), the pectins probably were semi- 
infaunal. Hedgpeth also indicates pectinoids commonly occur in the 
subtidal zone.

Rare echinoid fragments occur in thin section. Otherwise, fos

sils are very sparse. In thin section under crossed nicols, the
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carbonate muds go to extinction at different angles (Fig. 24), indi
cating fairly extensive mottling and/or bioturbation. Based on the 
mottling of the sediments, soft-bodied, infaunal deposit feeders can 
be inferred to have lived in association with the molluscs.

The molluscan assemblage is dominated by epifaunal or semi- 
infaunal suspension feeders and infaunal deposit feeders.

5.4 Summary

The vertical and lateral relationships of the associations 
present in the study area are summarized in Figure 25 and Figure 26. 
Figure 25, modified after Shaw (1964) and Irwin (1965), shows a sche
matic representation of the lateral relationships of associations rela

tive to the diversity of each association and to the different energy 
zones. Figure 26 shows the vertical and lateral occurrences of the 

associations throughout the study area. This shows the lateral replace
ment of Cyrtospirifer by Leioproductus and Syringospira at Brandenburg 
Mountain.

Two dominant associations, a transitional association and an 
assemblage, are present in the Percha Formation representing the full 
spectrum of environments from low energy, above wave base to low energy, 
below wave base. The associations are symmetrical with respect to the 

Paurorhyncha association representing a full transgressive-regressive 
cycle. The major contributors to a biotic ecosystem are represented 

from the primary producers (algae) and suspension and deposit feeders 
(brachiopods and echinoids) to the scavengers and predators (fish).



55

Figure 24. Mottled Dolomite.
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The nearshore, above wave base environments are dominated by deposit 

feeders and epifaunal suspension feeders. The high energy, wave base 

environment is dominated by epifaunal suspension feeders, and the off
shore, below wave base environments contain primary producers, suspen

sion feeders, deposit feeders, scavengers, and predators.

5.5 Community Replacement

Data on Famennian paleontology and paleoecology in the United 
States are limited. Little information is available on the composition 
and structure of Frasnian marine invertebrate communities. For these 
reasons, the following interpretations are only speculative.

Teichert (1965) reported a molluscan association from the 
Jerome Member of the Martin Formation in central Arizona. This may be 
represented by the depauperate molluscan assemblage found in the Percha 
Formation. Teichert also recognizes a colonial coral-stromatoporoid 

association, an Atrypa association and a diverse brachiopod associa
tion. No counterpart to the colonial coral-stromatoporoid association 
was found in the Percha Formation.

Teichert (1965) states that the genus of Atrypa in the Jerome 
Member "thrived in very silty carbonate mud." In the Percha Formation, 
Paurorhyncha now occupies that niche. To be more specific, the transi
tional association of Paurorhyncha-Leioproductus-Syringospira lives in 
the silty lime muds.

The diverse brachiopod association of Teichert (1965) thrived 

in more pure carbonate muds. The specimens are preserved in what he
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believes to be life position. This corresponds to the Ensiferites 
association of the Percha Formation. Ensiferites thrives in relatively 
pure lime muds and becomes less abundant with the influx of clastic 
material.

Evolutionary trends at the community level have been documented 
by Bretsky (1969) and Anderson (1971). Many workers have noted a major 
change in faunal composition, especially brachiopod faunas, in the Late 
Devonian when major extinctions occurred at the end of the Frasnian. 
Johnson and Boucot (1971) noted that 71 genera, or taxonomic groups com
posed of 2 or more genera of brachiopods, were present in the Frasnian 
yet only 10 of these survived into the Famennian. Of these 10, at least 
5 are represented in the Percha Formation. Most significant in this 

study is the replacement of atrypid brachiopods, which are common in 
the Martin Formation, by abundant rhynchonellid brachiopods in the Percha
Formation.



CHAPTER 6

CONCLUSIONS AND PROBLEMS 
FOR FURTHER INVESTIGATION

6.1 Conclusions

The Percha Formation is divided into two informal members: a
lower shale member overlain by a carbonate member. The Percha Forma
tion is time transgressive and was deposited in a northwest-trending 
basin. Steamboat Mountain was close to the paleo-shoreline and re
ceived the greatest amount of clastic material. Holy Joe Peak was more 
offshore and received the lowest amount of clastic material.

Rhynchonellid brachiopods (Paurorhyncha and Porostictia) found 
in the carbonate member can be assigned to Sartenaer's (1969) Gastro- 
detoechia zone of the lower Upper Famennian. This represents the first 
documentation of widespread Famennian strata in south-central and 

southeastern Arizona. The Percha Formation correlates with the Box 
Member of the Percha Shale in New Mexico and the Ouray Limestone in 

Colorado.
Ensiferites, a trepostome bryozoan, and Paurorhyncha are very 

abundant throughout the study area and are useful guide fossils for the 
Percha Formation in Arizona.

Two primary associations are represented in the Percha Forma
tion: a lower and upper Ensiferites association and a Paurorhyncha

association. Epifaunal suspension feeders dominate the Ensiferites

60
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association although deposit feeders, predators, and primary producers 

are -also present. Epifaunal suspension feeders dominate the Pauro- 

rhyncha association. Transitional between the Ensiferites and Pauro- 

rhyncha associations is a Paurorhyncha-Leioproductus-Syringospira 

association. A molluscan assemblage, dominated by epifaunal to semi- 

infaunal suspension feeders and deposit feeders, is present in the 

Percha Formation.

The shale member was deposited in a low energy environment above 

wave base. The dolomites, 0-2 m. and 18-22 m. above the base of the 

carbonate member, contain only rare molluscan fossils and are inter

preted to have formed in low energy environments above wave base. The 

Paurorhyncha association lived on a skeletal sand subtrate in the high, 

energy zone slightly above wave base. The Ensiferites community flour

ished in the low energy environment below wave base where very low 

clastic influx occurred. The vertical succession of associations indi

cates the Percha Formation is a transgressive-regressive sequence. The 

Paurorhyncha association represents a minor regressive pulse.

The atrypid-dominated associations present in the Martin Forma

tion have been replaced by the Paurorhyncha association in the Percha 

Formation. The diverse brachiopod associations in the Martin Formation 

that thrived in fairly pure lime muds have been replaced by the Ensif

erites association in the Percha Formation.

6.2 Problems for Further Investigation

This study, work by Witter (1976, and research in progress), 

Schumacher and others (1976) and Schumacher (research in progress) are
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the first detailed studies of the Famennian fauna and strata in Arizona. 

Many more localities need to be examined to determine the areal extent 
of the Percha Formation. Many of the taxa found are either undescribed 
or poorly described. There is need for a detailed paleontologic study 
of the fauna of the Percha Formation to clarify these taxonomic problems.

The Frasnian-Famennian boundary is a time of major faunal ex
tinctions. Detailed community paleoecology studies of the Martin and 
Percha Formation will provide much useful and needed information on this 
boundary and on community evolution. A detailed study of brachiopod 
paleoecology could yield much needed data on the radiation of rhyncho- 
nellid brachiopods in the Famennian that filled the niches vacated by 
the extinction of the atrypid brachiopods at the end of the Frasnian.

Detailed paleoecologic analysis combined with detailed strati
graphic studies of the Martin and Percha Formations could provide useful 
information on the effects of the Antler Orogeny and related tectonic 
events that took place in Arizona (Stephen Reynolds, Department of Geo
sciences, personal communication, 1976).

This study has only scratched the surface of a series of prob
lems relating to the Upper Devonian of Arizona. Hopefully, this study 
and the studies of Witter and Schumacher have laid the necessary ground
work for further investigations on the Upper Devonian in Arizona.



APPENDIX A

SYSTEMATIC PALEONTOLOGY

The taxa of the Percha Formation are grouped according to phyla. 

After each phylum, the taxa are listed alphabetically according to 
class and order. Taxa which were not identified except generally are 
listed.at the end under Miscellaneous. The synonymies are limited to 
the original citation and the most recent available reference. Brief 
comments after each taxon include relative abundance, occurrence, and, 
where pertinent, significant aspects of each. The relative abundance 
and distribution of all taxa found in the study area are shown in Fig
ures 6-10 (in pocket). Figured specimens are reposited in the Paleon
tology collection at the Department of Geosciences, The University of 
Arizona. Figures referred to in the systematic descriptions can be 
found beginning on page 77.
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Phylum PORIFERA

Class HYALOSPONGEA
Order HETERACTINIDA

Family OCTACTINELL3DAE

Genus ENSIFERITES Relmann 1939
Enslferltes n. sp.
Fig. A.2-1 to 5

Enslferltes is abundant throughout the Percha Formation in 
Arizona. This is the first reported occurrence of Enslferltes outside 
of the Middle Devonian of New York. Because Enslferltes is the most 
abundant and widespread of all taxa found, it is an excellent guide to 
the Percha Formation in Arizona.

Phylum COELENTERATA 

Class ANTHOZOA 
Subclass ZOANTHARIA 

Order RUGOSA

Suborder STREPTELASMATINA

Superfamily CYATHAXONIICAE Milne-Edwards and Haime 1850 
Family ZAPHRENTIDAE Milne-Edwards and Haime 1850

Zaphrentids are common throughout the study area except at 

Brandenburg Mountain. Zaphrentids are very abundant in the Percha Shale 
in New Mexico. Kindle (1909) also reports zaphrentids from the Ouray
Limestone in Colorado
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Family ADLOPORTDAE Kiln e-Edwards and Haine 1851 

Subfamily AULOPORINAE Hllne-Edwards and Halme 1851 

Anloporids are common on the shells of some brachiopods in the 

Percha Formation in Arizona, and in the Percha Shale in New Mexico. 

Although the auloporids were not identified, it appears that only one 

species is represented. Kindle (1909) also reports auloporids from the 

Ouray Limestone in Colorado.

Order TABULATA

Phylum BRY0Z0A 

Subphylum CEIOPROCTA

Little information is available concerning Upper Devonian bryozoa 

as few studies have been undertaken. Bryozoa are very difficult to 

identify except in thin section. For these reasons I have identified 

bryozoa only to order, with one exception.

Class GYMNOLAEMAIA

Order CRYPTOSTOMATA

Family FENESTELLIDAE King 1850

Genus PTILOPORELLA Hall 1885

Ptiloporella australis Fritz 1944 
Fig. A.3-1 to 3

Ptiloporella australis FRITZ, 1944, p. 39, pi. 13, fig. 4.

At Steamboat Mountain and Holy Joe Peak several complete speci

mens of Ptiloporella were found. Ptiloporella occurs in the Percha

Formation in Arizona and in the Percha Shale in New Mexico
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Cyclestomes are abundant in the Percha Formation in Arizona and 

in the Percha Shale in New Mexico.

Order CYCLOSTOMATA

Order TREPOSTOMAIA

Suborder INTEGRAIA 
Fig. A.4-1 to 5

This massive bryozoa is abundant in the Percha Formation of 

Arizona. Their robust size, abundance, and widespread distribution 

makes them a useful guide fossil for the Percha Formation in Arizona.

Phylum BRACHIOPODA

Class ARIICULAIA

Order ATRYPIDA

Suborder AIHYRIDINA

Family ATHYRIDIDAE McCoy 1844

Subfamily ATHYRIDINAE McCoy 1844

Genus CLEOTHYRIDIMA? Buckman 1906

Cleiothyridina? coloradensis (Girty) 1900

Athyridina coloradensis GIRTY. 1900, p. 46, pi. 5, fig. 5-11.
Athyris coloradensis (part) Girty, KINDLE, 1909, pi. 6, fig. 9. 
Cleiothyridina? coloradensis (Girty). STAINBR00K. 1947, p. 326, pi. 45, 

fig. 25-30.

Cleiothyridina? transverse Stainbrook 1947

Athyris coloradensis GIRTY, 1900, p. 46.
Athyris coloradensis (part) Girty, KINDLE, 1909, p. 24.
Cleiothyridina? transverse STAINBROOK, 1947, p. 326, pi. 45, fig. 14, 

19-22.

Cleiothyridina is common in the Percha Formation in Arizona, the • 

Percha Shale in New Mexico, and occurs in the Ouray Limestone in Colorado.
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Genus COMPOSITA Brown 1849 

Composite bellula Stainbrook 1947

Merestella barrisi HALL, 1860, p. 84.
Meristella barrisi Hall? KINDLE, 1909, p. 30, pi. 9, fig. 7-9a. 
Composita bellula STAINBROOK, 1947, p. 325, pi. 45, fig. 15-18, 23-

' Composita is fairly common in the Percha Formation in Arizona........... ,

and the Ouray Limestone in Colorado, and is very abundant in the Percha 

Shale in New Mexico.

Order ORTHIDA

Suborder ORTHIDINA

Superfamily ENTELETACEA Waagen 1884

Family ENTELETIDAE Waagen 1884

Subfamily SCHIZOPHORIINAE Schuchert and LaVene 1929

Genus SCHIZ0PH0RIA King 1809

Schizophoria australis Kindle 1909 
Fig. A.8-1 to 4

Schizophoria striatula GIRTY. 1900, p. 39.
Schizophoria striatula var. australis KINDLE, 1909, p. 21, pi. 1, fig.

4-8, pi. 2, fig. l-5a, pi. 3, fig. 1 
Schizophoria australis Kindle, STAINBROOK, 1947, p. 302,,pi. 45, fig. 

1-2, 7-8.

Schizophoria is rare throughout the Percha Formation in Arizona 

except at Brandenburg Mountain where it is associated with Ensiferites. 

Schizophoria occurs in the Ouray Limestone in Colorado and is common in
the Percha Shale in New Mexico
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Family BHIPIDOMELLIDAE Schuchert 1913 

Genus RHIPIDOMELLA Oehlert 1890 

Rhipidomella manticula Stainbrook 1947 

Rhipidomella manticula STAINBROOK, 1947, p. 303-304, pi. 45, fig. 3-6.

Rhipidomella is rare in the Percha Formation in Arizona but is 

fairly common in the Percha Shale in New Mexico.

Order RHINCHONELLIDA

Superfamily RHZNCHONELLACEA Gray 1848

Family CAMAE.OTOECHIIDEE Schuchert and LeVene 1929

Subfamily CAMAROTOECHUNAE Schuchert and LeVene 1929

Genus PAURORHYNCHA Cooper 1942

Paurorhyncha cooperi Stainbrook 1947 
Fig. A.6-1* 2

Rhynchonella endlichi MEEK, 1875, p. 46, and White, 1883, p. 133, pi.
XXXVI, fig. 2, pi. XXXIII, fig. 4 

Camarotoechia (Plethorhyncha) endlichi (Meek) KINDLE, 1909,: pi.
6, fig. 11-lla, pi. 7, fig. 1, 2.

Paurorhyncha cooperi STAINBROOK, 1947, p. 315, pi. 47, fig. 1-5.

Paurorhyncha endlichi (Meek) 1875 
Fig. A.6-10, 11

Rhynchonella endlichi MEEK. 1875, p. 46, and White, 1883, p. 133, pi. 
XXXVI, fig. 2, pi. XXXIII, fig. 4.

Camarotoechia (Plethorhyncha) endlichi (Meek) (part) KINDLE, 1909, pi.
6, fig. 11-lla, pi. 7, fig. 1, 2.

Paurorhyncha is very abundant in the Percha Formation in Arizona 

and also occurs in the Percha Shale in New Mexico and the Ouray Lime

stone in Colorado. Because of its abundance and widespread distribution, 

yet narrow stratigraphic range (lower Upper Famennian), Paurorhyncha



is an excellent guide fossil for the Percha Formation in Arizona and 

the Percha Shale in New Mexico.
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Family TRIGONIRHYNCHIIDAE McLaren 1965

Genus PTYCHOMALOTOECHIA Sartenaer 1961

Ptychomalotoechia contractiformis Sartenaer 1969 
Fig. A.6-5 to 9

Atrypa contracts HALL, 1843, Table 66, fig. 2, 3.
Camarotoechia contracta (Hall)?, KINDLE, 1909, p. 22, pi. 6, fig. l-2a. 
Camarotoechia sobrina SIAINBROOK, 1947, p. 312, pi. 47, fig. 19-22. 
Ptychomalotoechia contractiformis SARTENAER, 1969, p. 149-155, pi. XV, 

fig. 1-3, 5-9.

Ptychomalotoechia is associated with Ensiferites in the Percha 

Formation in Arizona. Ptychomalotoechia is common in the Percha Forma

tion in Arizona and the Ouray : Limestone in Colorady, and is very com

mon in the Percha Shale in New Mexico.

Family YUNNANELLIDAE Rzhonsnitskaya 1959

Genus POROSTICTIA Cooper 1955

Porostictia perchaensis (Stainbrook) 1947 
Fig. A.6-3, 4

Cochyliolithus (Anomites) pugnus MARTIN, 1809, Table 22, fig. 2, 4. 
Pugnax pugnus Martin, KINDLE, 1909, pi. 22-24, p. 6, fig. 3-8a. 
Paraphorhynchus perchaensis STAINBROOK. 1947, p. 316, pi. 47, fig. 6-13. 
Porostictia perchaensis (Stainbrook), COOPER, 1955, p. 62, pi. 14, fig. 

8-18, text-fig. 1, C, 11-20.

Porostictia is uncommon in the Percha Formation in Arizona and 

the Ouray Limestone in Colorado, and is common in the Percha Shale in

New Mexico
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Suborder SPIRIFER3DINA

Superfamily SPIRIFERACEA King 1846

Family CYR10SPIRIFERIDAE Termler and Termler 1949

Genus CYE10SPIRIFER Nallvkln 1919

Cyrtosplrifer kindle! Stainbrook 1947 
Fig. A.7-1, 2, 5

Spirifer whltneyl HALL. 1858, p. 502, pi. 4, fig. 2.
Spirifer whitneyl Hall. KINDLE, 1909, p. 24-25, pi. 8, fig. 2-5a. 
Cyrtosplrifer kindle! STAINBROOK. 1947, p. 318, pi. 8, fig. l-2a, 7-12.

Cyrtosplrifer is common in the Percha Formation in Arizona, the

Percha Shale In New Mexico, and the Ouray Limestone In Colorado. The

large size of Cyrtosplrifer makes it readily identifiable in the field.

The narrow stratigraphic range of C. kindle! (lower Upper Famemian)

and its widespread distribution make Cyrtosplrifer kindle! a useful

guide fossil for the Percha Formation in Arizona.

Order SPIRITERIDA

Genus SYRINGOSPIRA Kindle 1909

Syringospira prima Kindle 1909 
Fig. A.7-3, 4, 6, 7

Syringospira prima KINDLE, 1909, p. 29-30, pi. 7, fig. 1-la.
Syringospira prima Kindle, STAINBROOK, 1947, p. 323, pi. 44, fig. 13- 6. 
Syringospira prima Kindle, COOPER, 1954, p. 325-330, pi. 36, fig. 1-7, 11, 

pi. 37, fig. 1-18.

Syringospira is very abundant in the Percha Formation in Arizona 

and also occurs in the Percha Shale in New Mexico and the Ouray Lime

stone in Colorado. Syringospira is the most easily recognized fossil in 

the Percha Formation because of its greatly enlarged interarea. 

Syringospira is the only brachiopod that has gone to this morphological
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extreme and, hence, only a fragment is needed to identify it. Because 

Syringospira is easily recognized, is widespread and has a narrow 
stratigraphic range (lower Upper Famennian), it is a useful guide fossil 
for the Percha Formation in Arizona.

Family MUCROSPIRIFERIDAE Pitrat

Genus STROPHOPLEURA Stainbrook 1947
Strophopleura notabilis (Kindle) 1909

Spirifer bimesialis GIRTY, 1900, p. 55.
Spirifer notabilis KINDLE. 1909, p. 26, pi. 7, fig. 3-6c.
Strophopleura notabilis (Kindle), STAINBROOK, 1947, p. 324, pi. 44, 

fig. 17-20.

Although Strophopleura is not very abundant in the Percha For
mation in Arizona or the Ouray Limestone in Colorado, it is fairly 
abundant in the Percha Shale of New Mexico.

Genus TYLOTHYRIS North 1920 

Tylothyris novamexicana Stainbrook 1947 

Tylothyris novamexicana STAINBROOK, 1947, p. 322-323, pi. 47, fig. 31-33.
Tylothyris is rare to common in the Percha Formation in Arizona 

and is common to abundant in the Percha Shale in New Mexico.

Superfamily RETICULARIACEA Waagen 1883
Family ELYTHIDAE Frederiks 1919

Genus TORYNIFER Hall and Clarke 1894

Torynifer spinosus (Kindle) 1909
Reticularia spinosa KINDLE. 1909, p. 27-28, pi. 9, fig. 4-5.
Torynifer spinosus (Kindle) STAINBROOK, 1947, p. 325, pi, 47, fig. 38-42.
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Torynifer is common in the Percha Formation in Arizona where it 

is commonly associated with Ensiferites. Torynifer is also common in 

the Percha Shale in New Mexico and the Ouray Limestone in Colorado.

Order STROPHOMENIDA

Suborder PRODUCTIDINA

Superfamily PRODUCTACEA Gray 1840

Family LEIOPRODUCTIDAE Muir-Wood and Cooper 1960

Subfamily LEIOPRODUCTINAE Muir-Wood and Cooper 1960

Genus LEIOPRODUCTOS Stainbrook 1947 
Fig. A.8—5, 6

Productids are common only on Brandenburg Mountain in the Percha 

Formation in Arizona. Productids are very common in the Percha Shale 

in New Mexico. In most cases productids are classified into species on 

the characteristics of their spine bases. For this reason and due to 

the difficulty in sorting out the systematica for the productids from 

the Formation, they have all been referred to under the genus Leiopro- 

ductus. At least two species of Leioproductus, including IL. plicatus. 

occur in the Percha Formation.

Leioproductus plicatus (Kindle) 1909

Productella coloradensis var. plicatus KINDLE. 1909, p. 18, pi. 4, 
fig. 9-12.

Leioproductus plicatus (Kindle) STAINBROOK, 1947, p. 308, pi. 46, fig. 
21-23.

Leioproductus plicatus (Kindle) MUIR-WOOD and COOPER, 1960, p. 168-170, 
pi. 40, fig. 1-25.



Phylum MOLLUSCA 

Class CRICOCONARIDA
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Order DACRYCONARIDA 
Family STYLIOLINIDAE Grabau 1912 

Genus STYLIOLINA Karpinsky 1884 

Styliolina sp.
Styliolina sp., MAJEWSKE, 1969, p. 71, pi. 83, pi. 86, fig. 1-3.

Styliolina is very abundant In the Percha Formation in Arizona. 
Styliolina is recognizable only in thin section due to its small size 
(less than 0.5 mm.).

Class GASTROPODA

Gastropods are very rare in the Percha Formation in Arizona.
They are fairly common in the Percha Shale in New Mexico. Kindle (1909) 
reports gastropods from the Ouray Limestone in Colorado. At least three 

species of three genera were found in Arizona; however, only one is 
identifiable.

Subclass PR0S0BRANCHIA 
Order ARCHAEOGASTROPODA 

Suborder TROCHINA 
Superfamily ANOMPHALACEA 

Family ANOMPHALIDA 

Genus ISONEMA Meek and Worthen 1866 

Natiopsis? (=Isonema) humulis Meek 1866?

Natiopsis? (=Isonema) humulis Meek, KINDLE, 1909, p. 35, pi. X, fig. 9.
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Class PELECYPODA 

Order PTERIOIDA 

Suborder PTERIINA

Superfamily PECTINACEA Raflnesque 1815

Family AVICULOPECTHIDAE? Meek and Hayden 1864 
Fig. A.1-3, 4

Fragments of one species of pectlnoid clam are fairly common 

throughout the Percha Formation In Arizona; however, no complete, 

identifiable specimens were found. Pelecypods are common in the Percha 

Shale in New Mexico. Kindle (1909) reports several pelecypods from 
the Ouray Limestone in Colorado.

Phylum ANNELIDA 

Class POLYCHAETIA 

Order SEDENTARIDA 

Family SESPULIDAE Burmeister 1837 

Genus SPIRORBIS Daudin 1800 

Spirorbis sp.

Spirorbis sp. Daudin, KINDLE, 1909, p. 15.

One Spirorbis tube was found in the Percha Formation in Arizona;

however, it is common in the Percha Shale in New Mexico and the Ouray 

Limestone in Colorado.
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Phylum ARTHROPODA 

Class OSTRACODA 

Superorder OSTRACODA LATREILLE

Ostracods are very abundant In the Percha Formation In Arizona 

and represent at least two species. Identification of the ostracods 

was beyond the scope of this thesis. Ostracods are also common in the 

Percha Shale in New Mexico.

Phylum ECHINODERMAIA

Echinoderm spines, plates, and calyces are common to very abun

dant throughout the Percha Formation in Arizona and the Percha Shale 

in New Mexico. Most are disarticulated and unidentifiable except to 

class.

Class CRINOIDEA

Subclass INADUNATA 
Fig. A.5-4

Based on calyces found, at least five genera of crinoids are 

present in the study area. Because crinoids of the Upper Devonian are 

poorly studied and the literature sparse, these specimens have not yet 

been identified. Crinoid columnals are very abundant in the Percha 

Formation in Arizona and in the Percha Shale in New Mexico.
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Class ECHINOIDEA 

Subclass PERISCHOECHHOIDEA.

Order CIDAHOIDA 
Fig. A.5-6

One excellent c id arc id was found on Brandenburg Mountain.

Porter Kier (personal communication, 1976) identified it to order.

Miscellaneous

Fish teeth and bone fragments are common throughout the Percha 

Formation in Arizona.

Conodonts are common in the Percha Formation in Arizona and 

are also present in the Percha Shale in New Mexico.

Common trace fossils in the Percha Formation in Arizona include 

grazing burrows (zoophycus), possible Palaeospira ensigera Plidka or 

Taonurus caudagalli (Fig. A.l), escape burrows, possibly Muensteria 

sp. and rare trilobite trails, possibly Cruziana sp. (Fig. A.l).



Figure A.l. Trace Fossils and Mollusca.
1. Cruziana, trilobite trail.
2. Taonurus, grazing burrow.
3. Pectinoid fragment.
4. Pectinoid fragment.
5. Gastropod, internal mold.



77

Figure A.1. Trace Fossils and Mollusca.



Figure A.2. Ensiferites.
1, 2, 3. Size variation in Ensiferites n. sp.

4. Ensiferites n. sp. octactinellid spicules.
5. Ensiferites, showing spicules.



Figure A.2. Ensiferites.



Figure A.3. Lacy Bryozoa.

1. Ptiloporella australis Fritz. Note hold-fast structure.
2. Ptiloporella australis Fritz.
3. Ptiloporella australis Fritz.



Figure A.3. Lacy Bryozoa.



Figure A.4. Trepostome Bryozoa

1. Trepostome bryozoan in life position.
2. Trepostome bryozoan

3, 5. Tangential horizontal cross section.
4. Transverse vertical section.
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Figure A.4. Trepostome Bryozoa



Figure A.5. Echinoderms of the Percha Formation.

1-4. Crinoid calyx and arms.
5. Spine mass associated with crinoid fragments.
6. Echinoid plates and spines.



Figure A.5. Echinoderms of the Percha Formation.



Figure A.6. Rhynchonellid Brachiopods

1, 2. Paurorhyncha cooper!
3, 4. Porostictia perchaensis 
5-9. Ptychomalotoechia 

10,11. Paurorhyncha endlichi
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Figure A.6. Rhynchonellid Brachiopods.



Figure A.7. Cyrtospirifer Brachiopods.

1, 2, 5. Cyrtospirifer kindle!. 
3, 4, 6, 7. Syringospira prime.



Figure A.7. Cyrtospirifer Brachiopods.



Figure A.8. Strophomenid Brachiopods.

1-4. Schizophoria australis.
5, 6. Leioproductus sp.
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1

Figure A.8. Strophomenid Brachiopods.



APPENDIX B

MEASURED STRATIGRAPHIC SECTIONS

Brandenburg Mountain I

SE J4 NE sec. 28, T. 6 S., R. 17 E., Brandenburg Mountain Quadrangle. 
Exposures are on southwest facing slopes.

Mississippian:
Escabrosa Limestone (unmeasured and undescribed):

Devonian:
Percha Formation:
Carbonate member:

Unit no. Description

Unit Cumulative 
Thickness Thickness 
Ft. (M.) Ft. (M.)

20 Dolomite (mudstone), grayish-orange (10YR 
7/4) weathers grayish-orange (10YR 7/4), 
fine-grained; thin- to medium-bedded; 
forms ledge ............................ 6 (1.8) 183 (55.7)

19 Dolomite (mudstone), grayish-orange (10YR 
7/4) weathers grayish-orange (10YR 7/4), 
very fine grained; thick-bedded; forms 
cliff................ ................. 11 (3.3) 177 (53.9)

18 Dolomite (mudstone), grayish-orange (10YR 
7/4) weathers grayish-orange (10YR 7/4), 
very fine grained; thin-bedded; forms 
slopes ................ .............. 2 (.6) 166 (50.6)

17 Wackestone, dolomitic, dark yellow orange 
(10YR 6/6) weathers grayish-orange (10YR 
7/4), fine- to medium-grained; medium- 
bedded; forms ledge .................... 2 (.6) 164 (50.0)

85
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Unit no. Description
Unit

Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (H.)

16 Dolomite (mudstone), silty, light brownish 
gray (5YR 6/1), weathers grayish orange 
pink (5YR 7/2), very fine grained; thin-
bedded; forms slope.................... 2 (.6) 162 (49.4)

15 Dolomite (mudstone), silty, light brownish 
gray (5YR 6/1) weathers grayish orange 
pink (5YR 7/2), fine-grained; medium-bedded;
forms l e d g e s ..........................  5 (1.5) 160 (48.8)

14 Dolomite (mudstone), dark yellowish orange 
(10YR 6/6), weathers pale yellowish orange 
(10YR 8/6), very fine grained; thin-bedded;
forms l e d g e s ..........................  1.5 (.5) 155 (47.2)

13 Packstone, slightly silty, grayish-orange 
(10YR 7/4), weathers grayish-orange (10YR 
7/4), coarse-grained; thin-bedded; forms
l e d g e s .............. .................  1 (.3) 153.5(46.8)

12 Wackestone, dolomitic, slightly silty, dark
yellowish orange (10YR 6/6) weathers grayish- 
orange (10YR 7/4), medium-grained; thin-
bedded; forms s l o p e s ..................  1.5 (.5) 152.5(46.5)

11 Wackestone, dolomitic, very silty, pale 
yellowish brown (10R 6/2), weathers gray- 
orange (10YR 7/4), fine-grained; massive-
bedded; forms cliff ....................  4 (1.2) 150 (45.7)

10 Wackestone to packstone, dolomitic, silty, 
moderate brown (SYR 4/4), weathers dark 
yellowish orange (10YR 6/6), medium-grained; 
thin-bedded; forms ledges; contains abun- 

• dant sponges and crinoid debris........ 3 (.9) 146 (44.5)
9 Covered interval 9 (2.7) 143 (43.6)
8 Dolomite (mudstone), silty, very pale orange 

(10YR 8/2), weathers dark yellow orange 
(10YR 6/6), fine-grained; thin-bedded;
forms slopes; contains abundant sponges . 4 (1.2) 134 (40.1)

7 Covered interval . . ..................  3 (.9) 130 (39.6)
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Unit no. Description
Unit

Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

6 Packstone to grainstone, slightly dolomitic,
silty, moderate brown (SYR 4/4) to moderate 
red (SR 5/4), weathers very pale orange 
(10YR 8/2) to moderate reddish orange (10R 
6/6), coarse-grained; thick- to thin- 
bedded; forms ledges; contains abundant .
Paurorhyncha, Syringospira, and
Leioproductus .......................... 4 (1.2) 127 (38.7)

5 Wackestone, dolomitic, slightly silty,
yellowish-gray (5Y 7/2), weathers grayish- 
yellow (5Y 8/4), fine-grained; thin- 
bedded; forms ledgy slopes; contains
sponges ................................ 15 (4.6) 123 (37.5)

4 Dolomite (mudstone), silty, yellowish-
brown (10YR 4/2), weathers dark yellowish 
orange (10YR 6/6), very fine grained;
very thin bedded; forms slopes ........ 8 (2.4) 108 (32.9)

3 Dolomite (mudstone), silty, dark yellowish 
brown (10YR 4/2), weathers dark yellowish 
orange (10YR 6/6), very fine grained; very
thin bedded; forms slopes . . . . . . . .  10 (3) 100 (30.5)

Total of carbonate member 97 (29.6)

Shale member:
2 Shale, dolomitic, silty, light olive gray 

(5Y 5/2), weathers dusky-yellow (5Y 6/4), 
very fine grained; very thin bedded; forms
s l o p e s ................ ...............  90 (27.4) 90 (27.4)

1 Hematitic, fish bone, quartz sandstone, 
very dusky red (10R 2/2), weathers dark 
reddish brown (10R 3/4), coarse-grained; 
dolomitic cement; thin-bedded; forms
cliff.................................. 0.25 (0.1) 0.25(0.1)
Total of shale member ................ 90.25 (27.5)
Total of Percha Formation..............  174 (53)

Martin Formation (unmeasured and undescribed).
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Brandenburg Mountain II
W 3$ E 1$ sec. 27, T. 6 S., R. 17 E., Brandenburg Mountain Quadrangle. 
Exposures are on a south-facing slope.

Mississippian:
Escabrosa Limestone (unmeasured and undescribed):

Devonian:

Percha Formation: 
Carbonate member:

Unit no. Description
Unit

Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

13 Dolomite (mudstone), slightly silty, moder
ate orange pink (SYR 8/4), weathers grayish- 
orange (10YR 7/4), fine- to medium-grained;
thick- to massive-bedded; forms cliff . . 20 (6) 245 (74.7)

12 Wackestone, dolomitic, slightly silty, 
grayish-orange (10YR 7/4), weathers to 
grayish-orange (10YR 7/4), fine-grained; 
thin-bedded, forms slopes; contains
sponges and orthid brachiopods ........  1 (.3) 225 (68.5)

11 Wackestone, dolomitic, slightly silty,
moderate orange pink (SYR 8/4), weathers 
grayish-orange (10YR 7/4), fine- to 
medium-grained, thick- to massive-bedded;
forms cliff ............................  4 (1.2) 224 (68.2)

10 Wackestone, dolomitic, slightly silty,
grayish orange pink (SYR 7/2) to moderate 
orange pink (SYR 8/2), weathers grayish 
orange pink (SYR 7/2) to moderate orange 
pink (SYR 8/2), fine-grained; thin-bedded 
forms slopes; contains abundant calcite— 
infilled quartz geodes and abundant 
sponges................................ 19 (5.6) .220 (67)
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Unit no. Description
Unit

Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

9 Packstone, dolomitic, slightly silty, dark
reddish brown (10R 3/4), weathers pale- 
red (10R 6/2), coarse-grained; thin- 
bedded; forms ledges; contains abundant 
Syringospira, Paurorhyncha, and Leiopro- 
d u c t u s .........................   4

8 Wackestone, dolomitic, slightly silty, 
moderate yellowish brown (10YR 5/4), 
weathers grayish-orange (10YR 7/4), fine- 
to medium-grained; thin- to thick-bedded; 
forms l e d g e s ........................ 12

7 Dolomite (mudstone), silty, moderate-red 
(5R 5/4), weathers pale reddish brown (10R 
5/4), very fine grained; contains thin 
lenses of limestone, dusky-brown (SYR 2/2), 
coarse-grained; thin-bedded; forms 
slopes ..................   9

6 Packstone to.grainstone, silty, dark red
dish brown (10R 3/4) to grayish-orange 
(10YR 7/4), weathers grayish-orange (10YR 
7/4); coarse-grained; thin-bedded; forms 
slopes .............................. 1

5 Covered interval ....................  1
4 Wackestone, dolomitic, silty, dark reddish 

brown (10R 3/4) to grayish-orange (10YR 
7/4), weathers grayish-orange (10YR 7/4), 
medium-grained; thin-bedded; forms slopes 2
Total of carbonate member............  73

Shale member:

3 Shale, dolomitic, silty, light olive green 
(5Y 5/2), weathers dusky-yellow (5Y 6/4), 
very fine grained; thin-bedded; forms 
s l o p e s .............................. 12

2 Covered interval ....................  160

(1.2) 201 (61.2)

(3.6) 197 (60)

(2.7) 185 (56.4)

(.2) 176 (53.6) 

(.3) 176 (53.3)

(.6) 174 (53)
(22.2)

(3.7) 172 (52.4) 
(48.8)160 (48.8)
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Unit no. Description
Unit

Thickness 
Ft. (M.)

1 Hematitic quartz sandstone, very dusky red 
(10R 2/2), weathers dark reddish brown 
(10R 3/4), coarse-grained; dolomitic ce
ment; thick-bedded; forms cliff; contains
abundant fish teeth and bones .......... 0.25 (0.1)
Total of the shale member.............. 172 (52.5)
Total of the Percha Formation . . . .  

Martin Formation (unmeasured and undescribed).

Cumulative 
Thickness 
Ft. (M.)

0.25 (0.1) 
172 (52.5) 

245 (74.7)
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Holy Joe Peak
SE SW % sec. 7, T. 7 S., R. 18 E., Holy Joe Peak Quadrangle. Expo
sures are on southwest-facing slopes.

Mississippian:
Escabrosa Limestone (unmeasured and undescribed):

Devonian:

Percha Formation: 
Carbonate member:

Unit Cumulative 
Thickness Thickness

Unit no. Description Ft. (M.) Ft. (M.)

13 Dolomite (mudstone), slightly silty, pale 
yellowish brown (10YR 6/2), weathers pale 
yellowish brown (10YR 6/2), fine-grained;
massive-bedded; forms cliff ..........  7 (2.1) 187 (57.0)

12 Wackestone, dolomitic, slightly silty, 
mottled, grayish orange pink (5YR 7/2), 
weathers grayish-orange (10YR 7/4), very 
fine grained; massive-bedded; forms cliff;
contains thin chert interbeds ........  5 (1.5) 180 (54.9)

11 Covered interval 10 (3) 175 (53.3)
10 Wackestone, dolomitic, silty, grayish-brown 

(5YR 3/2) to dark yellowish orange (10YR 
6/6), weathers grayish-brown (SYR 3/2) to 
very pale orange (10YR 8/2), fine- to medium
grained; thick- to massive-bedded; forms 
ledges; contains thin chert interbeds and
abundant crinoid debris ..............  18 (5.5) 1 5 (50.3)

9 Wackestone, dolomitic, silty, moderate yel
lowish brown (10YR 5/4), weathers pale 
yellowish brown (10YR 6/2), medium
grained; thin-bedded; forms slopes; con
tains abundant sponges and massive 
bryozoans 5 (1.5) 147 (44.8)
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Unit no. Description
Unit

Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

8 Packstone, dolomitic, slightly silty, 
blackish-red (5R 2/2), weathers dusky 
yellowish brown (10YR 2/2), coarse-grained; 
thick- to massive-bedded; forms cliff;
contains abundant crinoid material . . .  2 (.6) 142 (43.3)

7 Dolomite (mudstone), slightly silty, dark 
yellow brown (10YR 4/2), weathers grayish- 
orange (10YR 7/4), fine-grained; thin- 
bedded; forms slopes; contains abundant
sponges and massive bryozoans........ 3 (.9) 140 (42.7)

6 Dolomite (mudstone), slightly silty, mod
erate yellowish brown (10YR 5/4), weathers 
grayish-orange (10YR 7/4), fine-grained;
thin-bedded; forms slopes ............  7 (2.1) 137 (41.7)

4

3

Wackestones, dolomitic, silty, brownish- 
gray (SYR 4/1), weathers dusky yellowish 
brown (10YR 2/2), fine- to mediumrgrained; 
thin-bedded, forms ledges ............  5
Covered interval

Packstone, dolomitic, slightly silty, 
grayish-brown (SYR 3/2) weathers light 
olive gray (5Y 6/1), medium- to coarse
grained; thin-bedded; forms ledgy slopes; 
contains abundant crinoidal material . . 5

Total of carbonate member ............ 67

(1.5) 130 (39.6)
(1.5) 125 (38.1)

(1.5) 120 (36.6) 

(20.4)

Shale member:
2 Shale, dolomitic, silty, grayish-olive

(10Y 4/2), weathers grayish-orange (10YR 
7/4), very fine grained; thin-bedded;
forms slopes .......................... 115 (35.1) 115(35.1)

1 Hematitic quartz sandstone, very dusky 
red (10R 2/2), weathers dark reddish 
brown (10R 3/4), coarse-grained; thick- 
bedded; forms cliff; contains abundant
fish teeth and bone fragments........  0.25 (0.1) 0.25 (0.1)
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Unit
Thickness

Unit no. Description Ft. (M»)
Total of shale member................ 120 (36.
Total of Percha Formation ............

Martin Formation (unmeasured and undescribed).

Cumulative 
Thickness 
Ft. (M.)

187 (57)
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Saddle Mountain.
W NE % sec. 19, T. 5 S., R. 17 E., Saddle Mountain Quadrangle. Expo
sures are on east-facing slopes.

Mississippian:
Escabrosa Limestone (unmeasured and undescribed):

Devonian:

Percha Formation: 
Carbonate member:

Unit no. Description

Unit
Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

16 Dolomite (mudstone), slightly silty, dark 
yellowish brown (10YR 4/2), weathers pale 
yellowish brown (10YR 6/2), very fine to 
fine-grained; massive-bedded; forms
cliff................................ 12 (3.6) 160 (48.8)

15 Wackestone to packstone, dolomitic,
slightly silty, grayish-orange (10YR 7/4), 
weathers grayish-orange (10YR 7/4), fine
grained; massive-bedded; forms cliff. . 3 (.9) 148 (45.1)

14 Dolomite (mudstone) to wackestone, slightly 
silty, grayish-orange (10YR 7/4), weathers 
grayish-orange (10YR 7/4), very fine 
grained; thin-bedded; forms ledgy
slopes . . . . .  .................... 8 (2.4) 145 (44.2)

13 Dolomite (mudstone) to wackestone, slightly 
silty, moderate-red (5R 5/4) to grayish- 
orange (10YR 7/4), weathers light-red (5R 
6/6) to grayish-orange (10YR 7/4), fine- 
to medium-grained; thin-bedded; forms slopes; 
contains common sponges and massive
bryozoans ............................ 11 (3.4) 137 (41.8)

12 Packstone, dolomitic, very silty, grayish-
red (5R 4/2), weathers pale reddish 
brown (10R 5/4), coarse-grained; thick-
bedded; forms cliff.................. 1 (.3) 126 (38.4)
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Unit no. Description

Unit
Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

11 Packstone to grainstone, slightly dolo- 
mitic, very silty, grayish-red (10R 4/2), 
weathers pale red (10R 6/2), coarse
grained; thick-bedded; forms cliff; 
contains abundant Paurorhyncha and
Cyrtospirifer ........................ 4 (1.2) 125 (38.1)

10 Dolomite (mudstone), silty, grayish- 
orange (10YR 7/4), weathers grayish- 
orange (10YR 7/4), very fine grained; 
thin-bedded; forms slopes ............  1

9 Wackestone to packstone, dolomitic,
slightly silty, pale reddish brown (10R 
5/4), weathers pale red (10R 6/2) to moder
ate reddish orange (10R 6/6), fine-grained; 
thin-bedded; forms ledges; contains abun
dant sponges, massive bryozoan and 
coral................................ 3

(.3) 121 (36.9)

(.9) 120 (36.6)

8 Dolomite (mudstone), slightly silty,
grayish-orange (10YR 7/4), weathers grayish- 
orange (10YR 7/4), fine-grained; thin-
bedded; forms ledgy s l o p e s ..........  3 (.9) 117 (35.7)

7 Dolomite (mudstone), pale yellowish brown 
(10YR 6/2), weathers pale yellowish brown 
(10YR 6/2), fine-grained; thin-bedded; forms 
ledgy s l o p e s ........................ 4 (1.2) 114 (34.7)

6 Dolomite (mudstone), very silty, moderate 
yellowish brown (10YR 5/4), weathers gray
ish orange (10YR 7/4), fine-grained; thin-
bedded; forms ledgy slopes ..........  4 (1.2) 110 (33.5)

5 • Packstone to grainstone, dolomitic, silty, 
dark yellowish orange (10YR 6/6), weathers 
to grayish-orange (10YR 7/4), fine- to 
medium-grained; thin-bedded; forms
slopes .............................. 5 (1.5) 106 (33.3)

4 Packstone, dolomitic, slightly silty, pale 
yellowish brown (10YR 6/2) to pale red (5R 
6/2), weathers grayish-orange (10YR 7/4) 
to grayish orange pink (5YR 7/2), fine- to 
mediumr-grained; thin-bedded; forms
l e d g e s .............................  13 (4) 101 (30.8
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Unit no. Description

Unit
Thickness 
Ft. (M.)

Cumulative 
Thickness 
Ft. (M.)

3 Wackestone, dolomitic, silty, pale yel
lowish brown (10YR 6/2), weathers pale 
yellowish orange (10YR 8/6), fine- to 
medium-grained; thin- to thick-bedded;
forms ledgy s l o p e s .................. 3 (.9) 88 (26.8)
Total of carbonate member 75 (22.9)

Shale member:
2 Shale, dolomitic, silty, light olive gray 

(5Y 5/2) to pale-brown (5YR 5/2), weathers 
dusky-yellow (5Y 6/4) to grayish-red (10R 
4/2), very fine grained; very thin bedded;
forms s l o p e s ........................ 85 (25.9) 85 (25.9)

1 Quartz sandstone with floating quartz peb
bles, moderate yellow brown (10YR 5/4), 
weathers very dusky red (10R 2/2), coarse
grained; dolomitic cement; massive-bedded; 
forms cliff; discontinuous; contains abun
dant fish teeth and bone fragments . . 0.25 (0.1) 0.25 (0.1)
Total of shale member................ 85 (26) 85 (26)
Total of Percha Formation............  160 (48.8)

Cambrian:

Abrigo Formation (unmeasured and undescribed).
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Steamboat Mountain

NE Jg SE Js sec. 12, T. 4 S., R. 14 E., Hayden Quadrangle. Exposures are 
on southwest-facing slopes.

Mississippian:
Escabrosa Limestone (unmeasured and undescribed):

Devonian:
Percha Formation: 
Carbonate member:

Unit Cumulative 
Thickness Thickness

Unit no. Description Ft. (M.) Ft. (M.)
10 Dolomite (mudstone), slightly silty, dark 

yellowish brown (10YR 4/2), weathers 
grayish-orange (10YR 7/4), very fine
grained; massive-bedded; forms cliff . . 10 (3) 118 (36)

9 Covered interval .................. .. . 2 (.6) 108 (33.0)
8 Dolomite (mudstone), very silty, grayish- 

orange (10YR 7/4), weathers grayish-orange 
(10YR 7/4), very fine grained; thin-
bedded; forms l e d g e s ..................  4 (1.2) 106 (32.3)

7 Packstone, dolomitic, slightly silty,
brownish-gray (SYR 4/1), weathers moderate 
brown (SYR 4/4), coarse-grained; medium- 
bedded; forms cliff; contains abundant
Paurorhyncha........ ................. 1 (.3) 102 (31.1)

6 Dolomite (mudstone) to wackestone, slightly 
silty, moderate yellowish brown (10YR 5/4) 
to grayish orange pink (SYR 7/2), weathers 
grayish-orange (10YR 7/4) to very pale 
orange (10YR 8/2), fine- to medium
grained; massive-bedded; forms ledges; con
tains abundant coral, sponges, and
massive bryozoans .................... 5 (1.5) 101 (30.8)

5 Wackestone, dolomitic, silty, pale yellowish 
brown (10YR 6/2), weathers grayish-orange
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Unit
Thickness

Unit no. Description Ft. (M.)
(10YR 7/4), very fine grained; thin-
bedded; forms s l o p e s ...............  11 (3.4)

4 Wackestone, dolomitic, slightly silty,
moderate yellowish brown (10YR 5/4), 
weathers pale yellowish brown (10YR 6/2), 
fine-grained; thick-bedded; forms
l e d g e s .............................. 2 (.6)

3 Dolomite (mudstone), slightly silty, light
brown (SYR 5/6), weathers light brown (SYR 
6/4), fine-grained; thin-bedded; forms 
s l o p e s .............................. 3 (.9)

2 Wackestone, dolomitic, slightly silty,
dark yellowish orange (10YR 6/6), weathers 
grayish-orange (10YR 7/4), fine- to medium
grained; thick-bedded; forms ledges; con
tains common crinoidal debris and fish
teeth and bone fragments............ 2 (.6)

Total of carbonate member  ..........  40 (12.2)

Shale member:
1 Shale, dolomitic, silty, light olive gray 

(5Y 5/2) to pale-brown (SYR 5/2), weathers 
dusky-yellow (5Y 6/4) to grayish-red (10R 
4/2), very fine grained; thin-bedded; forms
slopes . ............................  78 (23.8)
Total" of shale member................ 78 (23.8)

Total of Percha Formation ..........
Martin Formation (unmeasured and undescribed).

Cumulative 
Thickness 
Ft. (M.)

96 (29.3)

85 (26)

83 (25.3)

80 (24.4)

78 (23.8) 

118 (36)
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FOSSIL DISTRIBUTION at SADDLE MOUNTAIN
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FIGURE CORRELATION of MEASURED SECTIONS
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FIGURE 6. STRATIGRAPHY and FOSSIL DISTRIBUTION at STEAMBOAT MOUNTAIN


