CONODONT BIOSTRATIGRAPHY OF THE -UPPER DEVONIAN
IN THE GLOBE-MAMMOTH AREA, ARIZONA

by
Donald Paul: Witter, Jr.

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

1976



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 mede 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.

APPROVAL BY THESIS DIRECTOR

This thesis has been approved on the date shown below:

Dietmar Schumacher y D?te
Assistant Professor of Geosciences



ACKNOWLEDGMENTS

I would 1ike to thank the many people who helped me in the com-
p]etion'of this thesis. My sincere gratitude goes to my advisor, Dr.
Dietmar Schumacher, for his guidance and encouragement throughout the

course of this study. Thanks also are due to the other members of my

. thesis committee, Drs. Joseph F. Schreiber, Jr. and Richard F. Wilson.

A special note of thanks goes to Dr. Charles A. Sandberg, of the
U. S. Geological Survey, for his help both in the field and in identi-
fying the conodonts. Drs. Willi Ziegler, of the University of Marburg,
and Gilbert Klapper, of the Universify of Iowa, also he]péd with the
jdentification of some conodonts. Dr. Richard‘Davis, of The Cincinnati
Museum of Natural History, supplied comparative material of both "horse
collars" and conodonts from the Maple Mill Sha]é. Thanks are also due
to Drs. Thomas Teska and Michael Drake, Department of Planetary Sciences,
The University of Arizona, who provided free instrument time and assist-
ance in obtaining the scanning electron microscope photomicrographs.
Fe]iow graduate students he]ped}in many ways and special thanks go to
Sally J. Meader.

Some financial aid for this research was provided through a
Union 0i1 Company Scholarship. Special thanks go to my wife, Karen L.
Witter, whose encouragement and help throughout this study was greatly

appreciated.

iid



TABLE OF CONTENTS

A Page
LIST OF ILLUSTRATIONS . . . . . . . . e e e e e s .« e e o e vii
RBSTRACT '« ¢ & v v v v v v v o v o o v v o v o o o . viii
INTRODUCTION o & v v v o o o o o o o o o o o o e e e e u 1
Purpose . .« ¢« ¢ ¢ ¢« ¢ ¢ v e 4 e . e e e e e e c o e e e e 1
Location . & & & vt vt e e e e e e e e e e e e e e e 2
Field Methods and Laboratory Techniques . . . . . . . . 4
PREVIOUS WORK « o & o o v v o e o o o e e o o e e o e e e e u 6
Stratigraphy ... ... .. e e e e e e e e e e e e s 6
00 1T T (o] £ o~ 8
STRATIGRAPHY - * . * . L] L] * . L] . [ ] L] . . * * [ ] L ] L] * [ ] L] ]]
Martin Formation . .. . .. e o e s o e o s s e . e 11
Percha Formation . . « « ¢ ¢ ¢ ¢ ¢ ¢ « & e e e e s 13
CONODONT BIOSTRATIGRAPHY . & & & ¢ ¢ 4 v v 4 e 4 o o s o o o » 17
Martin Formation . ... . .. . . .. e e e e e 17
The Lower and Upper Pa]mato]ep1s g1gas Zones N 17
Percha Formation . .. . . .. e o e e e s e e e e e 19
Palmatolepis distorta Zone . . . C e e e e e e e . 19
Palmatolepis rugosa-Polygnathus semlcostatus Zone . 21
PoTygnathus COMMUNIS ZONE . .+ o+ + « = = o o o o o o o & 24
CONODONT BIOFACIES AND PALEOECOLOGY . « v v & o o o o & & 25
Martin Formation . . . « « « « . . e e o« o e o s 25
Percha Formation . . . . .. .. . .. . . e . . . 28
Conclusions « « ¢« ¢ ¢« v ¢ o ¢ o o o &« o« e e o e o s 3
FRASNIAN-FAMENNIAN BOUNDARY . . . . . . . e . . 32
GLUTEUS MINIMUS (Davis and Semken, 1975) . . . . . . . 40
CONCLUSIONS & « v v o o e e e e e e e e e e e e o e enun 42

iv



TABLE OF CONTENTS--Continued

SYSTEMATIC PALEONTOLOGY . . . v ¢ ¢ ¢ v o o o @ e e e e e e
Genus Ancyrodella Ulrich and Bassler, 1926 . . . .. . ..
Ancyrodella buckeyensis Stauffer, 1938 . . . . . . . .
Ancyrodella curvata (Branson and Mehl), 1934 .. . ..
Ancyrodella SpP. = & « v ¢ v ¢ ¢ e v v 0 b e e e 0. e

Genus Ancyrognathus Branson and Mehl, 193¢ . . . . . . . .

Ancyrognathus asymmetricus (U1r1ch and Bassler) 1926
Ancyrognathus triangularis Youngquist, 1945 . . . . . .
Genus Icrijodus Branson and Mehl, 1938 . . . . . . . . « . .
Icriodus alternatus Branson and Mehl, 1934 . .. . ..
Icriodus symmetricus Branson and Mehl, 1934 . . . . . .
Genus Palmatolepis Ulrich and Bassler, 1926 . . . . . . . .
Palmatolepis foliacea Youngquist, 1945 . . . . . . ..
Palmatolepis subrecta Miller and Youngquist, 1947..
Palmatolepis transitans Miller, 1956 . . . . . . .
Palmatolepis punctata (Hinde) 1959 . . .. . . . . .
Palmatolepis proversa (Ziegler, 1958 . . .. . . . . .
Palmatolepis gigas Miller and Youngquist, 1947
Palmatolepis distorta Branson and Mehl, 1934 . . . . .
Palmatolepis glabra Ulrich and Bassler, 1926 . . . . .
Palmatolepis glabra pectinata Ziegler, 1962 . . . . .
Palmatolepis glabra elongata Holmes, 1928 . . . . . . .
Palmatolepis perlobata perlobata Ulrich and
Bassler, 1926 . « « ¢« « ¢ ¢ ¢ ¢ ¢ o « o « &
Palmatolepis perlobata sigmoidea Ziegler, 1962 ..
Palmatolepis marginifera Helms, 1959 . . . . . . . ..
Palmatolepis marginifera marginifera Helms, 1959 . . .
Palmatolepis rugosa Branson and Mehl, 1933 . . . . . .
Palmatolepis rugosa rugosa Branson and Mehl, 1933 .
Palmatolepis rugosa postera Ziegler, 1960 . . . . .
Genus Pelekysgnathus Thomas, 1949 . . . . . . . .« o e e
Pelekysgnathus sp. .] .................
Genus Polygnathus Hinde, 1879 . . . . . . . . ¢« . ¢« « « « .
Polygnathus normalis Miller and Youngquist, 1947 . .
Polygnathus brevilaminus Branson and Mehl,.1934 . . .
Polygnathus communis Branson and Mehl, 1934 . . . . . .
Polygnathus homoirregqularis (Thomas, 1949) . . .. . .
Polygnathus perplexus Thomas, 1949 . c v e e e e
. Polygnathus semicostatus Branson and Meh] 1934 . e

Polygnathus Sp. A . . . . & v v v v v v v o 0 v 0
Polygnathus sp. B

L]

L]

. . L] L] . L] . . . L] . . . L * L] L d . .
L]

PO] nathus Sp. C * . . (] . . L] * - L] L] (] . L] L] . L] .
ﬁoizgnathus sp. D

Polygnathus sp. E . . . . . . . ... e e e e e e




vi
TABLE OF CONTENTS--Continued
Genus Polylophodonta Branson and MehT, 1934 . . . . ... . . 73

Polylophodonta confluens (Ulrich and Bassler, 1926) . . . 73
Polylophodonta concentrica Ulrich and Bassler, 1926 . . . 74

Genus Siphonodella Branson and Mehl, 1948 . . . . . . . . .. 74
Siphonodella isosticha Cooper, 1939 . . . . . . . « . . . 74
Genus Bispathodus (Muller, 1962) .. . . . . . . . e e e s 75
Bispathodus stabilis (Branson and Mehl, 1934) . . . . . . 75

Genus Spathognathodus Branson and.Mehl, 1941 . . .. .. .. 77
Spathognathodus inornatus (Branson and Mehl, 1934) . . . 77

Other MicrofosSils & &« ¢ v v v v v o o o o o o o o o o o o o 77
MOTTUSCES &« v v v et et e e e e e e e e e e e e e e 77
0Stracods . & & ¢ ¢ vt h e e e e e e e e e e e e e e e 77

Genus Gluteus Davis and Semken, 1975 ¢« ¢ v ¢ ¢ v v o . . e e 78
Gluteus minimus Davis and Semken, 1975 . . . . ¢« + « « & 78

APPENDIX A: CONODONT DISTRIBUTION AND STRATIGRAPHIC COLUMNS . . 79
REFERENCES . . . . . . . . e e b e e e s e e e e ae e o . 92



LIST OF ILLUSTRATIONS

Figure : Page
1. Map Showing Location of Study Area and Location
of Measured Sections . « « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o & 3
2. European and North American Standard Conodont
Zonations . . . . . . . e s e s e o e e s s e e e e 10
3. Martin Formation, Upper Unit (Restricted) (Dmu) and
Percha Formation (Dp), Steamboat Mountain . . . . . . 12
4. Martin (Dm) and Percha (Dp) Formations, Brandenburg
Mountain . ¢« ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o e e o o o o o 14
5. Percha Formation Conodont Zones and Ranges of
Diagnostic Species . . . . . . . . . Gt e e e e e e 20
6. Martin Formation Conodont Distribution at Van _
Winkle Ranch « & ¢ v ¢ ¢ ¢ 6 4 e 4 ¢ ¢ ¢ o o o o o o o 27
7. Percha Formation Conodont Distribution at Saddle
Mountain and Brandenburg Mountain 1 . . .. . . . . . 29
8. Frasnian-Famennian Boundary at Ten Sections . . . . . . . 33
9. Basal Beds of Percha Formation, Highway 77 . . . . . . . . 34
10. Basal Beds of Percha Formation, Brandenburg Mountain 1 . . 36
"11. Ancyrodella, Ancyrognathus, Icriodus . « . v « « ¢ o o « & 46

12. Palmotolepis « « v v o o o o o o o o o o o »

13. Palmatolepis, Pe]ekysgnathus ............... 58

14, Polygnathus . . v v v v v v v v o o o o o o o o o o o o s 66

15. Polygnathus, Polylophodonta, Siphonodella,
Bispathodus, . . . v . . e oo oo e e e e e oL 69

16. Spathognathodus, Bispathodus, Ostracod,
Molluscs, GIUEEUS . & & ¢ ¢ ¢ v ¢ ¢ o o o o o o o & & 76

vii



ABSTRACT

Conodont faunas from the Upper Devonian Martin and Percha Forma-
tions in the study area can be assigned to two Frasnian and two Famen-
nian cbnoddnt zones. The Famennian faunas were recovered from strata
that had previously been included within the Mariin Formation, but have
since been assigned to the Percha Formation. Three local zones are

recognized in the Percha: 1) the Palmatolepis distorta Zone, 2) the

- Palmatolepis rugosa-Polygnathus semicostatus Zone, and 3) the Poly-

gnathus communis Zone. The Percha faunas lacked standard zonal name

taxa but can be assigned to the upper part of the Scaphignathus velifer

Zone (Scaphignathus subserratus-Pelekysgnathus inclinatus Fauna) and

the Upper Polygnathus styriacus Zone. These strata are the time and

lithologic equivalent of the Box Member of the Percha Shale of New

Mexico.

The Frasnian zones are the Lower and Upper Palmatolepis gigas

Zones. The Frasnian faunas were recovered from the upper fossiliferous
part of the Martin Formation.

The Frasnian-Famennian boundary in the study area is an uncon-
formity with a hiatus spanning as many as twelve of the standard cono-
dont zones and is locally characterized by a basal Percha (Late

Famennian) lag deposit. Gluteus minimus, a phosphatic microfossil of

unknown biological affinities, previously reported only from Iowa, is
present in basal Percha strata in the study area.

viii



INTRODUCTION

Purpose

This study was undertaken to determine the stratigraphic distri-
bution of conodonts in the Upper Devonian Martin and Percha Formations
in the G]dbe-Maﬁmoth area of Gila and Pinal Counties, Arizona. VA local .
conodont biostratigraphic zopation could then be established and com-
bared to the refined zonations which have been erected for both Europe
ahd North America. In this manner the Upper Devonian straté in the
study area could be very precisely dated.

. Based on coré]s and brachiopods, early workers (Kindle, 1916)
assigned a Late Devbniah.age to the Devonian strata in’tﬁe study area.
Also based on brachiopods and corals, Teichert (1965) assigned a Late
Frasnian age to the fossiliferous upper part of the Martin Formation.
Teichert named these fossiliferous beds the "upper unit" of the Jerome
Member of the Martin Formation. Earlier, Stoyanow (1936) had reported
+ a rhynchonellid brachiopod fauna from the highest beds of the Martin
Formation (highest beds of Teichert's upper unit) and suggested that
these strata were quite younger than the rest of the Martin. Recently
Schumacher and others (1976) assigned the upper part of Teichert's
upper unit, which includes the beds from which Stoyanow reported the
rhynchonellid brachiopod fauna, to the Percha Formation.

Ethington.(1965) described a sparse conodont fauna from the
Martin and confirmed the Late Frasnian age assignment. Ethington also-
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reported conodonts younger than Late Frasnian from the Martin near
Bisbee, Arizona. VThese younger strata, now assigned to the Pefcha
Formation, have remained unstudied to the present. In addition, since
Ethington's work, a highly refined conodont biostratigrabhic zonation
has emerged for both Europe and North America. Therefore, the primary
objectives of this study were: 1) to determine the age and conodont
biostratigraphy of the Percha Formation in the study area, 2) to deter-.
mine more precisely the age of the fossiliferous beds of the remainder
(after removing the strata now assigned to the Percha Formation) of
Teichert's upper unit of the Martin Formation, and 3) to compare the
conodontAzones'found in the study area to the standard conodont zona-
tions for North America and Europe.

Secondary objectives qf this study were: 1) to study briefly
the conodont paleoecology of the study area, 2) to examine closely the
Frasnian-Famennian boundary beds in the study area, and 3) to study

briefly the unique fossil, Gluteus minimus (Davis and Semken, 1975).

Location |
Eleven stratigraphic sections were measured and sampled for
conodonts. Six primary sections were systematically sampled on a bed-
by-bed basis or every five feet (1.5 meters). Five supplementary sec-
tions were sampled at critical horizons. These sections are indicated
'by number on the Locality Map (Fig. 1).

1. Globe Hills: S1/2 NW1/4 sec. 13, T. 1 N., R. 15 E., Globe
Quadrangle, Gila County.

2. Pinal Creek: W1/2 NW1/4 SE1/4 sec. 10, T. 1 N., R. 15 E.,
Globe Quadrangle, Gila County.
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Figure 1. Map Showing Location of Study Area and Location of Measured Sections.




3. Job Corps Camp: NE1/4 SW1/4 sec. 35, T. 1 N., R. 17 E.,
Dourine Canyon Quadrangle, Gila County.

4. Van Winkle Ranch: NW1/4 SE1/4 sec. 19, T. 2 S., R. 16 E.,
Christmas Quadrangle, Gila County.

5. Highway 77: S1/2 SW1/4 NW1/4 and E1/2 NW1/4 SW1/4 sec. 10,
. T. 3S., R. 15 E., E1 Capitan Mountain Quadrangle, Gila
County. -

6. Steamboat Mountain: E1/2 SE1/4 sec. 12, T. 4 S., R. 14 E.,
Hayden Quadrangle, Pinal County.

7. Saddle Mountain: NE1/4 SW1/4 sec. 19, T. 5 S., R. 17 E.,
- Saddle Mountain Quadrangle, Pinal County.

8. Brandenburg Mountain 1: SW1/4 NW1/4 sec. 27, T. 6 S.,
R. 17 E., Brandenburg Mountain Quadrangle, Pinal County.

9. Brandenburg Mountain 2: NE1/4 SW1/4 sec. 27, T. 6 S.,
R. 17 E., Brandenburg Mountain Quadrangle, Pinal County.

10. Peppersauce Wash: SW1/4 SW1/4 sec. 21, T. 10 S., R. 16 E.,
-Peppersauce Wash Quadrangle, Pinal County.

11. Holy Joe Peak: SE1/4 sec. 7, T. 7 S., R. 18 E., Holy Joe
) Peak Quadrangle, Pinal County.

Field Methods and Laboratory Techniques

Sections were measured using a Brunton compass and a Jacob staff.
Two to four kilogram samples were collected from each bed or at five
foot (1.5 meters) 1ntervais. 800-1000 grams of each carbonate sample
were immersed in 10-15 percent glacial acetic acid for a period of five
to seven days. In most cases not all of the sample dissolved. Produc-
tive samples were processed twice. "Quaternary 0" was used to break
down shales. "Quaternary 0", when mixed with water and boiled, dis-
aggregates most shales.

The insoluble residues were then washed, sieved, and dried. The

dried residue was separated using heavy liquid (tetrabromoethane) as



described by Collinson (1963). The heavy fraction of the residue was
examined for conodonts using a binocular microscope.

Thin sections, polished slabs, and acetate peels were used to
identify lithologies. Dunham's (1962) classification was used to de-
scribe the rock types.

Photographs were taken with either Polaroid Type 55 P/N film,
using an ALR.Scénning Electron Microprobe Quantometer (SEMQ), or Kodak

Panatomic X film, using a Polaroid MP-3 Land Camera.



PREVIOUS WORK

Stratigraphy

Blake (1901) was the first to report fossils of Devonian age
from southern Arizona (from the Santa Rita Mountains). Williams (1903)
compiled a faunal 1ist of DeVoniqn fossils from a section along Pinal
Creek near Globe. Based on these fossils he suggested an early neo-
Devonian age for these strata. Ransome (1904) proposed the name Martin
Limestone for equivalent beds exposed at Mount Martin on Escabrosa Ridge,
near Bisbee. In 1916, Ransome extended the Martin Limestone into the
Globe area. Kindle (1916) examined fossils from this area and assigned
a Late Devonfan age to these strata. Huddle and Dobrovoiny (1952)
studied Devonian and Mississippian strata in east-central Arizona. They
proposed that the term Maftin Formation should be used instead of Martin
Limestone because of the varying lithology of the Devonian strata. They
stated that faunal eVidence indicate a Late Devonian age for the Martin
Formation. Teichert (1965) and Pine (1968) studied the stratigraphy and
paleogeography of Devonian strata in fhe study area. Teichert examined
sections at Globe and to the north. Pine examined sections in Gila,
Graham, Greenlee and Pinal Counties. Teichert assigned a late Frasnian
age to the fossiliferous upper part of the Martin, and Pine assigned a

Fingerlake and Chemung (Frasnian) age to this same upper part of the

Martin.



7

Stoyanow (1936) reported the Famennian brachiopod Camerotoechia

(=Paurorhyncha) endlichi (Meek) from the upper beds of the Martin along

Pinal Creek. Based on this fossil, he correlated these strata with the
Tower part of the Ouray Limestone of Colorado. He proposed that the

strata containing the Camerotoechia endlichi fauna, between the Martin

and the Mississippian, be named the Lower Quray Formation. As this

unit was defined by its faunal characteristics rather than by its litho-
logic and stratigraphic characteristics, the name was never accepted and
subsequent workers included these strata within the Martin Formation
(Huddle and Dobrovolny, 1952; Wright, 1964; Teichert, 1965; Pine, 1965;
Krieger, 1968a,b,c,d). Recently, Schumacher and others (1976) proposed
the,namé Percha Formation for-the sequence of slope-forming shales and
overlying ledge-forming carbonates that occur above the Martin in much

of southern Arizona and which contain the Paurorhyncha endlichi fauna.

Gordon (1907) first introduced the name Percha when he assigned the
Devonian strata in the Kingston-Hillsboro-Lake Valley district of south-
western New Mexico to the Percha Shale. Stevenson (1945) divided the
Percha Shale into a Tower Ready Pay Member consisting of fissile black
shale and an upper Box Member composed of yellowish to greenish-gray-
shales with limestone nodules and shaly limestones near the top. Since
Stoyanow's Lower Ouray name was invalid, the name Percha Formation was
proposed for this unit because of its lithologic similarity to the

Percha Shale of New Mexico with which it correlates (Schumacher and

others, 1976).



Conodonts

" Devonian conodonts from Arizona.were first reported by Sabins
(1957) from the Portal Eormation at Blue Mountain in the Chiricahua
range in the southeastern corner of Arizona. Teichert (1965) reported
a Late Frasnian conodont fauna from the "Island Mesa beds" of Stoyanow
(1936) near the Verde River. |

Ethingtoh.(1962, 1965) described a sparse conodont fauna from

four localities in Arizona. He sampled sections of the Martin Formation
at Globe, Superior and_Bisbee, and the Portal Formation at Blue Moun-

tain. Ethington (1965) reported Palmatolepis subrecta, Ancyrodella,

and-an abundance of Polygnathus from the Martin Formation and thereby
confirmed its Late Frasnian age. He also reported fragments of Palmato-

lepis rugosa from Black Cap in the Bisbee area and noted that this

species is younger than those found elsewhere in the Martin.

On a world-wide basis, Uppef Devonian conodont biostratigraphy
has been well studied in recent years and extremely refined zonations
have been erected for both Europe and North America. Ziegler (1962,
1971), the pioneer of Upper Devonian conodont biostratigraphy, estab-
lished a zonation consisting of 10 zones and 24 subzones for Europe.
Most subsequent work has been directed toward extending or refining
this zonation. In 1967, Clark and Ethington recognized and described
conodonts from nine of Ziegler's ten major zones in the Upper Devonian

of the Great Basin. In7]971, the Symposium on Conodont Biostratigraphy

(K]apper.and others) was published. In this volume Ziegler further re-

fined his 1962 zonation and added the ranges of many new index taxa.



Klapper and others (1971), in this same volume, established a zonation
for North América based on reference sections throughout the North
American continent. Differences and similarities between European and
North American zones are discussed.
The most recent refinement on the standard zonation was a modi-
fication of the Famennian zones by Sandberg and Ziegler (1973). |
Figure 2 shows the correlations of the Upper Devonian conodont

zonations for Europe and North America with the conodont zones recognized

in the study area.
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Zones recognized in the study area are to the right.



STRATIGRAPHY

Martin Formation

Teichert (1965) divided the Martin Formation into two members:
the Beckers Butte Member and the Jeromé Member. The Jerome Member was
further divided into three informa] "units": the fetid dolomite unit,
the aphanitic dolomite unit, and the upper unit. Teichert included a
slope-forming sha]e'with overlying ledge-forming carbonates within the
upper‘unit of the Martin. Schumacher and others (1976) assigned the
name Percha Formation to this sequence and that terminology is followed
here. Teichert's upper unit (restricted) (restricted = after removal of
strata now assignéd to the Percha Formation) consists.of moderately fos-
siliferous thick and thin bedded 1imestones and dolomites. Figure 3
shows the approximate extent of Teichert's upper unit (restricted) be-
tween the overlying Percha Formation and the rest of the Martin. }It was
this part of the Martin Formation that was sampled for conodonts. 1In
some places, Teichert's upper unit (restricted) is difficult to distin-
~guish from the Qnderlying evenly bedded aphanitic dolomite unit. So, at
the primary sections of this study, sampling was begun at the first
fossiliferous bed. - The underlying units of the Martin Formation were
sampled at Steamboat Mountain and all samples were devoid of conodonts.
The upper unit (restricted) is overlain either by the thin basal sand-
stone beds of the Percha or, more commonly, by the slope-forming shale
member of the Percha. Precambrian Troy Quartzite, the Cambrian Abrigo

11



Figure 3. Martin Formation, Upper Unit (Restricted) (Dmu) and Percha
Formation (Dp), Steamboat Mountain.
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Formation, or the aphanitic dolomite unit of the Martin, underlie the
upper unit (restricted) in the study area. Fossils are relatively
abundant in the upper unit (restricted) with crinoids and brachiopods

dominating, and corals Tocaily abundant. Species of Hexagonaria, Pachy-

phyllum, and Atrypa from this unit were originally used to assign a Late
Frasnian age to the upper Martin Formation (Teichert, 1965). For a re-
view of the stratigraphic nomenclature, lithology, thickness, and areal
extent of the Martin Formation, see Pye (1959), Teichert (i965), Pine
(1968), and Wright (1964).

Percha Formation

The Percha Formation consists of two informal members: a slope-
forming shale member and an overlying 1edge-formfng carbonate member
(Schumacher and others, 1976). Figures 3 and 4 show the slope-forming
topographic expression of the Percha Formation betwéen the cliff-forming
Mississippian Escabrosa Limestone and the Martin Formation. Locally the
basal beds ‘of the shale member contain a lag deposit that consists of
coarse sand, qpartz pebbles, fish bones and teeth, phosphatic material

of unknown origin, abundant conodonts, and Gluteus minimus (Davis and

Semken, 1975) in a hematite matrix or weakly cemented by dolomite.

Where present, these basal beds grade upward into the shale member. The
shale is unfossiliferous. Pine (1968) states that quartz and an illite-
like clay are the most common minerals in the shale. The shale member

- grades upward into thin bedded calcareous and dolomitic siltstones and
finally into the more massive 1limestones and dolomites of the carbonate

member. The carbonate member is replete with fossils with crinoids,
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Figure 4. Martin (Dm) and Percha (Dp) Formation, Brandenburg Mountain.
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bryozoans, and brachiopods dominating. A sponge, Ensiferites, previ-
ously known only from the Middle Devonian of New York, is common in this
unit (Sally Meader, personal communicapion, 1976). A middle to late
Famennian age can be assigned to these beds based on the presence of

the rhynchonellid brachiopods Paurorhyncha endlichi (Meek) and P.

cooperi Stainbrook (Sartenaer, 1967).

The basal lag deposit or shale member of the Percha disconform-
ably overlies the limestones and dolomites of the upper unit (restricted)
of the Martin at all localities excépt\Saddle Mountain (Fig. A.7), where
the Percha overlies quartzites -of the Cambrian Abrigo Forﬁatidn. The |
Percha is overlain discohformab]y by the cliff-forming Mississippian
Escabrosa Limestone. The uppermost beds of the carbonate member of the
Percha are foési]iferous 1fght-gray 1imestohés and dolomites that re-
semble the basal bedskof the Escabrosa. At Saddle Mountain and Steam-
boat Mountain, a thin sand unit is present at the base of the Escabrosa
and the contact can be fairly precisely placed based on both 1ithologic
and paleontologic evidence. At Holy Joe Peak, a 15 foot (4.5 m) thick
sandstone bed marks the base of the Escabrosa. In the absence of this
sandstqne, the Tocation of the contac; is somewhat subjective.

Famennian strata of the Percha Formation are present throughout
the study area and range to the north at least as far as Salt River
Canyon (shale member present) and west as far as Roosevelt Dam. The
shale member of the Percha extends to the south of Holy Joe Peak, and

Famennian strata have been reported at Peppersauce Wash (Stoyanow, 1936)'



and as far south as Bisbee (Ethington, 1965; Stainbrook, 1947). The
Percha Formation reaches its maximum thickness of over 240 feet (75 m)

in the northern Galiuro Mountains in the middle of the present study

area.
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CONODONT BIOSTRATIGRAPHY

Martin Formation

The Lower and Upper Palmatolepis gigas Zones

In the present study, two of the standard Frasnian conodont zones
are recognized in the upper unit (restricted) of‘the Martin Formation:

the Lower and Upper Palmatolepis gigas Zones (Fig. 2).

The Lower P. gigas Zone is defined by the joint occurrence of

Palmatolepis gigas, P. foliacea, and Ancyrognathus triangularis (Klapper

and others, 1971). This zone is present at the Van Winkle Ranch section
(Fig. A.4) and at the Staemboat Mountain section (Fig. A.6).
The Upper P. gigas Zone is defined by the joint occurrence of P.

gigas and Ancyrognathus asymmetricus before the first occurrence of -

Palmatolepis linguiformis (Klapper and others, 1971). This zone is pres-

ent at the Van Winkle Ranch section, the Steamboat Mountain section, and

the Holy Joe Peak section (Figs. A.4, A.6, and A.11). The entrance of

P. linguiformis defines the Uppermost P. gigas Zone (Klapper and others,

1971). No specimens of P. linguiformis were found in this study.

P. giqas also occurs in the sections at Globe Hills and Job Corps
Camp (Figs. A.1 and A.3), but these sections 1ackedkother diagnostic
species necessary for more precise assignment.

The sample from Holy Joe Peak (Fig. A.11) that yielded an Upper
P. gigas Zone fauna, is mixed with an older Frasnian fauna because Pal-
matolepis transitans is present in abundance. In addition, an abundant
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Lower Ordovician fauné was found in this sample. Scolopodus, Drepanodus
and Acontiodus dominated this assemblage.

Eight Martin Formation upper unit (restricted) sections yielded
Frasnian conodonts. in two sections (Van Winkle Ranch and Steamboat
Mountain, Figs. Z.4 and A.6), the Lower and Upper P. gigas Zones could be
recognized. At one section (Holy Joe Peak, Fig. A.11), only the Upper
P. giggg'Zone could be recognized. At four sections (Job Corpé Camp,
Globe Hills, Highway 77, and Pinal Creek, Figs. A.1, A.2, A.3 and A.5),
the P. gigas Zone could be recognized. At Peppersauce Wash (Fig. A.10),
only a Middle to Late Frasnian age could be assigned due to the absence
of diagnostic palmatolepids. |

In h1s study of the Martin, Eth1ngton (1965) illustrated a

specimen of Po]ygnathus asymmetricus ovalis from Superior, Arizona. Al-

though no specimens of P. asymmetricus were found in this study, strata

assignable to older Frasnian conodont zones are probably present in the

study area. The Polygnathus asymmetricus Zone is present at Superior

(Ethington, 1965), which is just to the west of the present study area.
The presence of Palmatolepis transitans transitional to P. punctata, P.

proversa, stratigraphically beneath P. gigas also indicates that older

Frasnian strata, probably assignable to the Ancyrognathus triangularis

Zone, are present in the study area. One specimen assigned to A. tri-
angularis was found with P. gigas at the Van "Winkle Ranch section.

A number of formations invNorth Americé have been assigned to
the Lower and Upper P. gigas Zones and therefore are equivalent to the

upper unit (restricted) of the Martin in the study area. Equivalent units
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include: parts of the Pilot Shale and Devils Gate Limestone of Nevada
gnd Utah (Clark and Ethington, 1967), part of the Sweetland Creek Shale
of Iowa (Miller and Youngquist, 1947), the lower part of the Kettle
Point Shale of Ontario (Winder, 1966), the Cerro Gordo Member of the
Lime Creek Formation in Iowa (Anderson, 1966), the Amana beds of Iowa
(Youngquist, 1945), the Independence Shale of Iowa (Miller and Miiller,
1957), the Oientangy Shale of Ohio (Stauffer, 1938), part of the "Ken-
wood? Shale of Wisconsin (Schumacher, 1971), and formations of the
Cohocton stage of New York (Angola Shale Member and West Hill Members
of the West Falls Formation and Nunda Sandstone Member of the New Mil-

ford Formation) (Oliver and others, 1967).

Percha Formation

Three local conodont zones are recognized in the Percha Formation
in this study. These zones, along with the ranges of the diagnostic
species, are shown in Figure 5. Zones will be discussed in ascending

stratigraphic order.

Palmatolepis distorta Zone

The 1imits of the Palmatolepis distorta Zone are defined by the

range of P. distorta to just below the first occurrence of either Palmato-

lepis rugosa (any subspecies) or Polygnathus semicostatus. Associated

species are Palmatolepis glabra, Polylophodonta confluens, Polylophodonta

concentrica, Palmatolepis perlobata and Polygnathus perplexa.

This zone occurs in the basal lag deposit of the Percha at both

Highway 77 and Holy Joe Peak (Figs. A.5 and A.11).
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Figure 5.

Percha Formation Conodont Zones and Ranges of Diagnostic Species.
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The presence of Palmatolepis distorta and Polygnathus perplexa in

this local zone suggests correlation with the Upper Scaphignathus velifer

Zone and the Scaphignathus subserratus-Pelekysgnathus inclinatus Fauna

(Fig. 2). In Europe, the S. velifer Zone is defined on the first occur-
rence of S. velifer (Ziegler, 1971). A conodont fauna in North America,
which may be correlated with the upper half of the S. velifer Zone, is

characterized by the first occurrence of Scaphignathus subserratus,

Pelekysgnathus inclinatus, Polygnathus perplexa, and Polygnathus homoir-

regularis and the highest occurrence of Palmatolepis distorta and

Palmatolepis glabra elongata (Klapper and others, 1971). The equivalent

fauna in this study is characterized by the first occurrence of Poly-

gnathus perplexa and the only occurrence of Palmatolepis distorta and

Palmatolepis glabra. . Conodonts of the underlying Palmato1epis gigas Zone

were also found admixed with the Famennian conodonts at both localities.

Strata equivalent to the basal lag deposit of the Percha (Scaphi-

gnathus subserratus-Pe]ekysgnathus inclinatus Fauna) include the Maple

Mill Shale in southea;tern Iowa (Thomas, 1949; Beinert, 1968), the top
bed of the Trident Member of the Three Forks Formation (Sandberg and
Klapper, 1967) in southwestern Montana (Klapper and others, 1971), the
top of the Beirdneau Formation in Utah (Klapper and others, 1971), part
of the Saverton Formation of Missouri (Collinson. and others, 1967), and-

part7of the Pinyon Peak Limestone in Utah (Clark and Ethington, 1967).

Palmatolepis rugosa-Polygnathus semicostatus Zone

The limits of the Palmatolepis rugosa-Polygnathus semicostatus

Zone are defined by either the range of P. rugosa (any subspecies) or
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the range of P. semicostatus before the first occurrence of Polygnathus

communis. Associated species are Palmatolepis perlobata, Polygnathus

perplexa, Polygnathus homoirregularis, and Bispathodus stabilis.

This zone is present in the lower and middle parts of the car-
bonate member of the Percha at Saddlé Mountain, Brandenburg Mountain 1,
Brandenburg Mountain 2, and Steamboat Mountain (Figs. A.6, A.7, A.8, and

A.9). A rhynchonellid brachiopod fauna, including Paurorhyncha endlichi

and P. cooperi, is associated with the conodonts of this zone at all four

sections.. A single specimen provisionally assigned to P. semicostatus

was found near the top of the Peppersauce Wash section (Fig. A.10).

The conodonts of the Palmatolepis rugosa-Polygnathus semicostatus

Zone are assignedhto the standard Upper Polygnathus styriacus Zone. The

conodonts found in this local zone inc]ude_Po]ygnatHus semicostatus,

Polygnathus perplexa, Polygnathus homoirreqularis, Palmatolepis rugosa

rugosa, Palmatolepis rugosa postera (strong lobe), Palmatolepis rugosa

postera (weak lobe), Palmatolepis rugosa postera (no lobe), and Bispath-

odus stabilis. This 1ist compares favorably with the faunal 1ists com-

piled by Sandberg and Klapper for both the Upper P. styriacus Zone and
the lower part of the Bispathddus costatus Zone (Klapper and others, 1971).

Klapper and others (1971) state that the diagnostic characteristic of the

Upper P. styriacus Zone in North America is the presence of Clydagnathus

ormistoni and the absence of Bispathodus aculeatus and Bispathodus co-

status costatus. B. aculeatus and B. costatus costatus are indeed

absent, but so is C. ormistoni.
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The\necessary conodont zonal indicators may be found in future
studies, but based on Upper P. styriacus Zone conodonts found in the Box
Member of the Percha Shale in New Mexico (Sandberg, 1976) and brachiopod

evidence, the carbonate member 6f the Percha Formation (Palmatolepis

’ rugosa-Polygnathus semicostatus Zone) is assigned to the Upper P. styri-

gggg_Zoﬁe. Rhynthone]lid brachiopods of the genus Paurorhyncha have been
found by Sandberg (1975, 1976) in strata containing. P. styriacus Zone
conodonts throughout the western United States. Rhynchonellid brachio-
pods of this genus have also been found by Stainbrook (1947) in the
Percha Formation of New Mexico and Arizona, by Stoyanow (1936) at Pinal
Creek, Peppersauce Wash, and Arivaipa Canyon, and by Meadef (n.d.) in

the carbonate member_of the Percha at Saddle Mountain, Steamboat Moun-
taih, Brandenburg Mountain 1, Brandenburg Mountéin 2, and Holy Joe Peak
sections of this study. The shale member of the Percha is bracketed be-
tween the uppér part of the S. velifer Zone and the Upper P. styriacus

Zone.

Upper Polygnathus styriacus Zone faunas have been reported by

Sandberg (1976) from a variety of stratigraphic units in the western
United States. Equivalents of the carbonate member-of the Percha Forma-
tion include: part of the Box Member of the Percha Formation in New
Mexico, the Ouray Limestone in Colorado, the lower part of the Crystal
Pass Limestone Member of the Sultan Limestone in southern Nevada, the
middle part of the Pilot Shale in Nevada and Utah, part of the Slaven
Chert in central Nevada, the Mowitza Shale in Utah, part of the Pinyon

Peak Limestone in Utah, the basal beds of the Leatham Formation in
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‘northern Utah, the middle part of the Chaffee Group in Colorado, the
basal bed of the Cottonwood Cényon Member of the Madison Limestone in
Colorado, the lower black shales of the Sappington Member of the Three
Forks Formation in Montana, and the lower black shale of the Exshaw

Formatidn in Montana (Sandberg, 1976).

Polygnathus communis Zone

The Polygnathus communis Zone is defined by the first occurrence

of P. communis to the first occurrence of the Mississippian species,

Siphonodella isosticha. Associated with P. communis is Bispathodus

stabilis and Pelekysgnathus.

This zone is present at Brandenburg Mountain 1 and Brandenburg
Mountain 2 (Figs. A.8 and A.9) in the upper part of the carbonate member
of the Percha Formation. This zone includes a maximum of 15 feet (4.5 m)
of strata and:occurs above the rhynchonellid brachiopod fauna associated

with the P. rugosa-P. semicostatus Zone.

The P. communis Zone is probably post Upper P. styriacus Zone
(possibly B. costatus Zone ?) because it occurs stratigraphically above
the rhynchonellid brachiopod'fauna and does nbt include any Upper P.

styriacus Zone conodonts. Too few index taxa were found for more precise

assignment.



CONODONT BIOFACIES AND PALEOECOLOGY

For almost as long as conodonts have been studied it has been
noted that‘fhe same species have not been equally distributed in rocks

of the same age. In the Upper Devonian, Palmatolepis and Icriodus domi-

nated assemblages have been recognized for some time. Recently, more
and more workers (Seddon, 1970; Seddon and Sweet, 1971; Druce, 1973;
Sandberg, 1976; Schumacher, 1976) have attempted to investigate the geo-
logic or ecologic factors responsible for this unequal distributfon. In
this study recurring conodont associations wefe observed in both the

Martin and Percha Formations.

Martin Formation

Seddon (1970) showed that two distinct conodont biofacies are
present in the lower Upper Devonian rocks of the Canning Basin'of Aus-

tralia: the'Palmatolepis biofacies, confined to the basinal area, and

the Icriodus biofacies found near reefs. Most of the elements of the

Icriodus biofacies could be found in the Palmatolepis biofacies, but

species dominating the Palmatolepis biofacies were not present in the
Icriodﬁs biofacies. Druce's (1973) observations in the Bonaparte Gulf
Basin of northern Australia agreed with Seddon's and, in addition, bruce
added a third biofacies, the Belodella biofacies, from the very shallow
water, near-reef facies.

Seddon and Sweet (1971) proposed a general ecologic model for
conodonts that suggests they were small planktonic aniha]s, perhaps 1like

25
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modern chaetognaths, with different species living at different depths.

According to this model, conodonts of the Polygnathus-Icriodus biofacies

are confined to a zone near the surface of the ocean and the Palmatolepis-

Ancyrodella biofacies is confined to a deeper zone some meters below the
surface. This depth-zonation model of Seddon and Sweet's (1971) offers
a simple exp]anationAthat is consistent with most of the observations of
Seddon (1970) and Druce (1973).

The conodont distribution in the Martin Formation genera11y_agrees
with the depth stratification model of Seddon and Sweet (1971). The

Palmatolepis biofacies is generally found in deeper water facies but the

distribution of Ancyrodella seems to be more restricted (Fig. 6). Poly-
~gnathus was by far the most abundant platform element found in this study
as well as in Ethington's (1965) study. Abundant Polygnathus were found
both with (Van Winkle Ranch) and without (Globe Hills and Pinal Creek)

abundant Palmatolepis. This distribution is in agreement with the Seddon
and Sweet (1971) model.

One significant difference between the Martin faunas found in
this study and other Upper. Devonian conodont faunas is the absence of an
Icriodus biofacies. Out of more than 3000 conodonts studied, fewer than
30 are Icriodus. As suggested by Schumacher (1976), this would seem to
indicate that although Polygnathus (narrow platform) and Icriodus both

may have inhabited shallow water they both do not necessarily belong to

the same biofacies.
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Percha‘Formation

Druce (1973) reports three biofacies in the Famennian: 1) Bio-
facies I, simple cones (Acodina), found in the shallowest facies, 2)
Biofacies II, Icriodus, Pelekysgnathus, Spathognathodus, and Scaphi- -

" gnathus, found in facies interpreted to rebresént waters less than 50

meters in depth, and 3) Biofacies III, Palmatolepis, Polygnathus, and

Polylophodonta, found in deep water facies. Sandberg (1975, 1976) rec-

nizes.five'cdnodont biofacies in the Upper Polygnathus styriacus Zone

of western North America: 1) a palmatolepid-bispathodid biofacies de-
posited on the continental slope, 2) a palmatolepid-polygnathid bio-
facies déposited on the continental shelf, 3) a polygnathid-icriodid
biofacies of the outer cratonic platform, 4) a polygnathid-pelekysgnathid
biofa?ies of the inner craton, and 5) a clydagnathid biofac{es deposited

on offshore banks and in lagoons.

No specimens of Acodina or Clydagnathus were recognized in this

study. Only one specimen of Icriodus, one Pelekysgnathus and four Bis-

pathodus were found in the course of this study.
In the study area, two biofacies can be recognized: a

Polygnathus-n (n = narrow platform) biofacies and a Palmatolepis-

Polygnathus-w (w = wide platform) biofacies. Polygnathus-n includes pri-

ma}i]y P. semicostatus and P. communis. Polygnathus-w includes

polygnathids of the P. nodocostatus group. Figure 7 shows the distribu-

tion of these genera for the Saddle Mountain and Brandenburg Mountain 1

sections.
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The Polygnathus-n biofacies is present wherever conodonts are
found.  This distribution agrees with the Seddon and Sweet (1971) depth
stratification model. However, in the Percha as well as in the Martin,

neither abundant Icriodus nor Pelekysgnathus were present, indicating

that although Polygnathus may inhabit shallow water it doesn't have to

be associated with Icriodus or Pelekysgnathus. Neither Druce (1973) nor

Sandberg (1975, 1976) recognize‘a biofacies dominated solely by narrow

'p]atform polygnathids.

The Palmatolepis-Polygnathus-w biofacies is generally present in

environments interpreted as representing deeper water which fits the
Seddon and SWeet (1971) model. This biofacies compares favorably with
Sandberg's palmatolepid-polygnathid biofacies and with Druce's Biofa;ies
- III. Sandberg (1976) found this biofacies in shallow to moderately deep
watef deposits on the continental shelf, but recovered most.of the cono-
donts from lag deposits. In this study, the faunas came from mudstones
and grainstones.

Although not part of this study, samples from two other‘]oca]i-
ties bear méntion here. One reconnaissance sample from a sandstone unit

in'the Percha at Salt River Canyon yielded a Pelekysgnathus and

Pd]xgnathus-n dominated fauna. Several well washed grainstone samples
from the Upber Devonian Portal Formation at Blue Mountain in southeastern
Arizona yielded an Icriodhs and Polygnathus-n dominated fauna. The
Pelekysgnathus-Polygnathus-n fauna belongs to Sandberg's polygnathid-

pelekysgnathid biofacies and possibly to Druce's Biofacies II. The

Icriodus-Polygnathus-n fauna belongs to Sandberg's polygnathid-icriodid

biofacies and possibly to Druce's Biofacies II.
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Apparently there are at least four distinct but contemporaneous
biofacies in Famennian age strata of the Percha and Portal Formations of
southeastern Arizona. If depth stratification were a major factor in

species distribution it would seem that we should find Icriodus and

Pelekysgnathus in greater abundance in deeper water facies. The presence

of Icriodus and Pelekysgnathus in some abundance in deposits interpreted

as near-shore facies indicates that proximity to shore is an important
factor in conodont distribution (as suggested by Druce, 1973, and

Schumacher, 1976).

Conclusions

For both the Martin and Percha Formations, the Seddon and Sweet
(1971) depth stratification model generally ho]ds.true with a few excep-
tions. In the Martin Formation Ancyrodella appears to be restricted by
other factors than just depth. In both the Martin and Percha Formations
an abundance of narrow platform Polygnathus with few or no Icriodus would
indicate that even if these two genera both inhabited shallow water they
do not nece§sari1y bg]ong_to the same biofacies. The distribution of
wide platform polygnathids in the Percha is closely tied to the distri-

bution of Palmatolepis and both occur in deeper water facies. The dis-

tribution of Palmatolepis for both the Martin and Percha generally fits

the ecologic model of Seddon and Sweet (1971).



FRASNIAN-FAMENNIAN BOUNDARY

This study offers a unique opportunity for the examination of one
of the most interesting boundaries in the geologic column--the Frasnian-
Famennian boundary. This boundary has been discussed in the past with
emphasis usually placed on the vast extinctions which took place at this
time. Mclaren (1970) suggested that a cétastrophe caused the Frasnian-
Famennian extinctions and observed that conodonts, ammonoids, fish,
plants, and many molluscs pass throughithe Frasnian-Famennian boundary
unaffected. Johnson (1974) suggested that‘re1ative1y rapid regressions
after prolonged periods of submergence caused the extinctions at the
-end.of the Ordovician, Frasnian, and Permian. HoweVer, Johnson observes
that in many places in the western United States, a Frasnian-Famennian
unconformity is not obvious. In the ﬁidwestern United States, strata of
early Frasnian to Kinderhookian age are present without an apparent
break (Ham and Wilson, 1967). The documentation of widespread Famennian
strata (of the Percha Formation), in most cases directly overlying late
Frasnian strata (of the Martin Formation), permits the examination of
the Frasnian-Famennian boundary in the study area.

In southernrArizona, the Frasnian-Famennian boundary is clearly
an unconformity. The best place to examine the unconformity is the sec-
tion at Highway 77 (Figs. 8 and 9). The top of the Martin here is a lag
deposit consisting of a 3-4 foot (1-1.2 m) sequence of thinly bedded
dolomitic siltstone and sandstone with minor shale interbeds. figuré 9
shows the massive yellow dolomite overlain by the thin bedded lag deposit.
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Figure 9. Basal Beds of Percha Formation, Highway 77.
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The lag deposit contains a mixed conodont fauna with Palmatolepis gigas

Zone conodonts (Frasnian) admixed with abundant conodonts characteristic

of the upper part of the Scaphignathus velifer Zone or the Scaphignathus

subserratus-Pelekysgnathus inclinatus Fauna (Famennian --see discussion
of P. distorta Zone, p. 19). These beds also contain abundant fish
bones and teeth, phosphatic pellets (possibly some fecal pellets), the

phosphatic fossil Gluteus minimus (discussed elsewhere in this thesis),

abraded specimens of Atrypa and Coenites, arthropod trails, residual
chert, and sand to pebble sized quartz grains. A1l elements in this unit
show evidence of reworking, sorting, and winnowing. Many conodqnts are |
highly abraded or broken. Thg best preserved conodonts are large robust
forms. One palmatolepid jS 4mm long and much of the posterior tip is
' missing. I believe this deposit to be-a concéntrated transgressive lag
similar to those described by Twenhofel (1936), McGugan (1965), Sandberg
and Klapper (1967), and Sandberg (1969). Concentrated lag deposits are
characterized by basal coﬁg]omerates, basal black shales, concretions,
residual chert, glauconite, phosphatic pellets or nodules, manganiferous
zones, pyritiferous zones, iron oxides, fish bones and teeth, and fossils
from different biostratigraphic zones (McGugan, 1965). The Highway 77
lag deposit has many of these features and clearly represents a time of
very slow sediment accumu]ation‘during a Famennian transgression over a
mostly Martin (Frasnian) surface.

At Holy Joe Peak and Brandenberg Mountain 1 and 2 (Fig. 8), a
1-4 inch (2-10 cm) hematite "crust" or "pavement" (Fig. 10) is present at

the same stratigraphic horizon as the ‘Highway 77 lag deposit. Abundant



Figure 10. Basal Beds of Percha Formation, Brandenburg Mountain.
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fish bones and teeth, quartz granules and pebbles, sand lenses, rare

external molds of Gluteus minimus, and conodonts in the hematite sug-

~gest that this unit also represents a time of very slow sediment ac-
cumulation. This pavement is included within the basal beds of the

Percha, and basedonP. distorta, Polylophodonta, and Gluteus minimus

: found at Holy Joe Peak, is the same age as the Highway 77 lag. The tpp
of the Martin at Holy Joe Peak is a sandy, fish bonefrich dolomite

unit directly beneath the hematite pavement. Five conodont samples

were taken at Holy Joe Peak: one from the fish bone bed 6 inches (15
cm) below the hematite pavement; one from a channel-like deposit about

1 foot (30 cm. below the hematite; and three lower in the dolomite unit
(Fig. A.]l)f The hematite pavement was examined for conodonts in the
field. The fish bone bed yielded abundant conodonts of both Late Fras-

nian (prér Palmatolepis gigas Zone) and Early Ordovician age. This bed

may represent a regressive Iag which was not eroded away during the
hiatus separating the Martin and Percha. The bed contains a mixed cono-
dont fauna from at least one Ordovician Zone and from at least two Upper

Devonian Zones (P. gigas and probably Ancyrognathus triangularis, see

discussion on Martin conodont zones, p. 17). The channel deposit yielded
a sparse mixed Devonian and Ordovician conodont fauna. The three samp-
les lower in the section were devoid of conodonts but the sample 31 feet
(9.5 m) below the hematite yielded fish bone fragments. Krieger (1968a)
- mapped these dolomite beds as part of the "Upper (brown sandy) Member"

of the Cambrian Abrigo Formation. Based on conodonts, fish bones, and

gross 1ithology, these beds are now assigned to the Devonian Martin

Formation.



38

At Saddle Mountain, Frasnian strata are absent (Fig. 8). At
Steamboat Mountain, the boundary is placed at the base of the shale
member of the Percha. At Pinal Creek and Globe Hills (not figured),

the shale unit of the Percha overlies Atrypa and/or Palmatolepis gigas-

bearing carbonates of the Martin Formation.

.At the Van Winkle Ranch and Job Corps Camp sections, the shale
member of the Percha overlies an oolitic hematite unit. At Van Winkle
Ranch, the oolitic hematite overlies a yellow coral-stromatoperiod

dolomite which contains g,'gigas Zone conodonts, Coenites, Pachyphyllum,

and Hexagonaria. The corals appear to represent a small patch reef.

It is tempting to correlate the oolitic hematite with the hematité
pavement located tp the sauth, but, since hematite oolites are found
mixed with fossil debris in underlying beds and some fossils from under-
lying beds are replaced by hematite, the oolitic bed appears to be more
closely associated with the Martin than the overlying shale member of
the Percha. Thus, the Frasnian-Famennian boundary is placed at the

top of the oolitic hematite.

The oolites probably formed in tidal bores between or among
patch reefs in shallow water (Newell, Purdy and Imbrie, 1960). .The for-
mation of,thé’hematite’oo]ites.js a complex problem in itself and will
not be discussed here. '

In summary, the evidence suggests that before the end of P.
gjgg§_time the sea regressed from the study area, probably to the east.

After the regression, erosion took place during Palmatolepis triangularis

through Scaphignathus velifer time or at least through Palmatolepis
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marginifera time. Then a Percha transgression began over an older,
mostly Martin surface of fairly low topographic relief. The Highway 77
lag and the hematite pavement were deposited at this time. The seas
regressed to the east or southeast during the Frasnian and advanced
again from the east or southeast to the west or northwest during the
Famennian.

I feel that the Frasnian-Famennian bouhdary beds in the study'
area show the regression-transgression which Johnson (1971, 1974) dis-
cussed. The regression was probably rapid because P, gigas Zone strata
underlies the Percha Formation at all sections except one (Saddle Moun-

tain). The regression may have been fast enough to cause large-scale

extinctions.



'GLUTEUS MINIMUS (Davis and Semken, 1975)

Specimens of the enigmatic phosphatic fossil, Gluteus minimus

(Davis and Semken, 1975), colloquially known as "horse collars", were
found in the basal beds of the Pefcha Formation along Highway 77 (Fig.
A.5). External molds of this fossil were also fdund at Brandenburg
Mountain 2 and Holy Joe Peak (Figs. A.1 and A.11) at the same strati-
graphic horizon in the hematite crust.

This fossil of unknown b{slogical affinities was recently de-
scribed by Davis and Semken (1975), and the Arizona occurrence docu-
mented here is the only report of this fossil outside Iowa (R. Davis,
persdna] communication, 1975). Twelve complete énd hundred of broken
frégments of "horse collars" have been examined. A1l specimens are
asymmetrical, bilobate, and consist of a smooth side and a side dis-
playing concentric growth rings. A1l appear to be phosphatic, although
some appear to be in the process of being replaced by an unknown sub-
stance. Most are brdken and/or abraded and show signs of having been .

transported and sorted. All specimens generally resemble the holotype

of Gluteus minimus, but are smaller. One larger fragment more closely

resembles the ho]otype than any of the smaller complete specimens.

The Iowa occurrence of "horse collars" is in the Upper Devonian
Maple Mill Shale. Beinert (1968) notes that the conodonts in the Maple
Mill are reworked and the assemblage is a mixed one including specimens

from six conodont zones (Palmatolepis triangularis Zone to Polygnathus
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styriacus Zone). However, Klapper (in Davis and Semken, 1975) believes
that the Maple Mill Shale belongs in the upper half of the Scaphignathus

velifer Zone and that the reworking is less than one conodont zone in
length. It is interesting that the Maple Mill Shale is of the same age
and is also a concentrated deposit similar to the beds from which

Gluteus minimus is obtained in Arizona.

If one combines the ranges of the conodonts associated with
"horse collars" from the Iowa and Arizona localities, we find that they

could range from the Palmatolepis gigas Zone to the Polygnathus styri- -

acus Zone. I feel that it is unlikely that "horse collars" lived dur-

ing P. gigas or P. triangularis time because no "horse collars" have

been reported in the well presefved faunas of these zones throughout
the Midwest. None were found in the P. gigas Zone faunas of this study.
Also, Sandberg has not reported "horse collars" associated with the
widespread P. styriacus Zone conodont faunas in the western United

States. It is therefore suggested that Gluteus minimus is a Famennian

fossil that probably lived during the Scaphignathus velifer Zone.

No attempt is made here to discern the biological affinities of

Gluteus minimus, and detailed morphologic and compositional analysis of

the Arizona forms of this fossil are left for future studies.



CONCLUSIONS

The age of Teichert's (1965) upper unit (restricted) of the
Martin Formation in the study area is Middle to Late Frasnian.
The ‘age of the Percha Formation in the study area is Late
Famennian. |

Two conodont zones are recognizable in the upper unit (re-
stricted) of the Martin Formation: the Lower and Upper Palmato-
lepis gigas Zones. Three local conodont zones are recognizable

in the Percha Formation: the Palmatolepis distorta Zone, the

Palmatolepis rugosa-Polygnathus semicostatus Zone, and the

Polygnathus communis Zone. The P. distorta Zone can be corre-

“lated with the upper part of the standard Scaphignathus velifer

Zone or the Pelekysgnathus inclinatus-Scaphignathus subserratus

Fauna. The P. rugosa-P. semicostatus Zone can be correlated

with the standard Upper Polygnathus styriacus Zone. The P.

communis Zone is probably post P. styriacus Zone.

Widespread Famennian strata are documented for the first time
in Arizona. Famennian age strata extend from at least Salt
River Canyon on the north to Bisbee on the south and Roosevelt
Dam on the west to the C]ifton-Mprenci area on the east.

The distribution of Palmatolepis and Polygnathus in both the

Martin and Percha Formations generally fits the depth stratifi-
cation model of Seddon and Sweet (1971). The distribution of
42



43

Ancyrodella does not. An Icriodus biofacies was not found

in either the Martin or the Percha Formation. The ubiquitous
distribution of Polygnathus (narrow platform) in both the
Martin and Percha indicates that although Polygnathus may have
inhabited shallow water, it is not necessarily part of the
Icriodus biofacies.

A hiatus spanning as many as twelve of the standard conodont .
zones separates the Frasnian (Martin Formation) and the Famen-
nian (Percha Formation) in southern Arizona.

The phosphatic microfossil, Gluteus minimus, is present in the

basal beds of the Percha Formation. This is the first report

of this fossil outside Iowa..



SYSTEMATIC PALEONTOLOGY

Two methods of conodont taxonomy are in use today. Form_species
taxonomy, based on the morphology of individual elements, was estab-
lished.by Pander (1856). Multielement taxonomy, based on naturally oc-
curring assemblages, was established by Hinde (1879). Until recently,
most -conodont workers have used the form species taxonomy. However,
with mofe complete study, multielement taxonomy has gained wide accep-
tance. Consequently, a dual nomenc]afure now exists for conodont tax-
onomy--form species and multielement. The generic concept in conodont
'taxonomy has recently been discussed by Sweet and Bergstrom (]970),'and
Huddle (1972). | |

Although Devonian multielement taxa have been established
(Klapper and Phillip, 1971, 1972), most Devonian conodont workers have
used form species taxonomy. The standard Devonian conodont zones are
based on form species not multielement taxa. The conodont faunas re-
covered in this study were of relatively low abundance and diversity
and did not lend themselves to the use of multielement taxonomy. There-
fore, I have chosen to use form species taxonomy.

Since most of the bar and blade taxa in the Upper Devonian have
little biostratigraphic value and are seldom illustrated in publications,
only the platform species are described in this study. The genera are
listed alphabetically and the synonymies are limited to the original
citation, the most recent réference with a complete synonymy, and any
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new additions. Descriptions of better known species are abbreviated.
The total number of specimens studied is listed under “"material”. The
stratigraphic distribution of important species is shown in Appendix A.
Figured specimens are reposited in the Paleontology collection of the

Department of Geosciences, The University of Arizona, numbers UA 52900-

52994.



Figure 11. Ancyrodella, Ancyrognathus, Icriodus.

A11 specimens from the Martin Formation excebt nos. 8-9 which are from
the Percha Formation.

1-3--Ancyrodella buckeyensis Stauffer: 1, oblique view of
UA52900, x 37; 2, top view of UA52901, x 363 3, oblique
view of UA52902, x 36.

4-7--Ancyrodella curvata (Branson and Mehl): 4, top view of
UA52903, x 36; 5, top view of UA52904, x 35; 6.7, aboral
views of UA52903 and UA52905 respectively, x 28.

8--Ancyrodella sp.: 8, aboral view of UA52906, x 35.

9-12--Ancyrognathus asymmetricus (Ulrich and Bassler): 9, top
view of UA52907, x 35; 10, top view of UA52908, x 45; 11,
top view of UA52909, x 45; 12, top view of UA52910, x 46.

13,17--Ancyrognathus trianqularis Youngquist: 13, top view of
UA52911, x 45; 17, close-up of UA52911, x 600.

14-16, 18,19--Icriodus alternatus Branson and Mehl: 14, top view
of UA52912, x 445 15, top view of UA52913, x 44; 16, top
"view of UA52914; 18, top view of UA52915, x 1723 19, aboral
view of UA52915, x 172.

204-lpriodus symmetricus Branson and Mehl: 20, top view of
UA52916, x 46.




Figure 11.

Ancyrodella, Ancyrognathus. Icriodus.
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Genus Ancyrodella Ulrich and Bassler, 1926
Type species: A. nodosa Ulrich and Bassler, 1926

" Ancyrodella buckeyensis Stauffer, 1938
~ Fig. !, nos. 1-3

Ancyrodella buckeyensis Stauffer, 1938, p. 418, P1. 52, Figs. 17, 19

23, 24. .

Ancyrodella buckeyensis Stauffer, Ethington, 1965, p. 570, P1. €8,
Fig. 3. —_—

Ancyrodella buckeyensis Stauffer, Szulczewski, 1971, p. 11, P1. 2,
Fig. 1. —_

Diagnosis.--A species of Ancyrodella with a fairly short tri-
angular platform. The platform is ornamented <with nodes and ridges
which run perpendicular to the edges of the platform. The posterior
tip is pointed.

Remarks.--A. buckeyensis specimens found in this study displayed
a wide .range of variability from juvenile specimens -ornamented only by
node; to mature specimens ornamented by nodes and ridges. On mature
specimens ornamentation is reduced fo more randomly oriented nodes with
ribs normal to platform edges only partly retained.

Otcurfence.--Ziegler (1971) records A. buckeyensis from the
Middle P. asymmetricus Zone to the lower part of the Upper P. gigas

Zone. In my study, A. buckeyensis was found in the Martin Formation

at Pinal Creek, Job Corps Camp, Van Winkle Ranch, Steamboat Mountain,

and Holy Joe Peak.

Material.--28 specimens.

Figured Specimens.--UA52900-UA52902 (hypotypes).

Ancyrodella curvata (Branson and Mehl), 1934
Fig. 11, - nos. 4-7

Ancyrognathus curvata Branson and Mehl, 1934, p. 241, P1. 19, Figs. 6,
11. - '
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Ancyrode]]a curata (Branson and Mehl), Glenister and Klapper, 1966,
p. 798, P1. 86, Figs. 13-15.

Ancyrodella curvata (Branson and Mehl), Schumacher, 1971, p. 100,
Pl. 12, Figs. 4-6. -

Ancyrodella curvata (Branson and Mehl), Szulczewski, 1971, p. 11,
Pl. 3, Fig. 5; P1t. 4, Figs. 4-5. ——

Diagnosis.--In this species of Ancyrodella a strongly pro-
nounced posterolateral lobe, in addition to the normal number of lobes,
has developed. This lobe bears a distincf secondary carina and keel.

Occurrence.-~Ziegler (1971) records the range of A. curvata

from the base of the Upper g,'asymmetricus Zone to the top of the Lower

. P. triangularis Zone. Ih my study,A. curvata was present in the Martin

Formation at Globe Hills, Van Winkle Ranch, and Holy Joe Peak.

Material.--29 specimens.

Figured Specimens.--UA52903-UA52905 (hypotypes).

Ancyrodella sp.
1g. 11, no. 8
Remarks.--Aboral view of an Ancyrodella which could be one of

several species. This specimen was found in the basal beds of the

Percha Formation at Highway 77 with a Palmatolepis distorta dominated

fauna. It was probably reworked from the beds of the underlying

Martin Formation.
Material.--1 specimen.

Figured Specimen.--UA52906.

Genus Ancyrognathus Branson and Mehl, 1934
Type species: AntyrUgnathus-svmmettha-Bransnn and Mehl, 1934

Ancyrognathus asymmetricus (Ulrich and Bassler), 1926
Fig. 11, nos. 9-12
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Palmatolepis asymmetrica Ulrich and Bassler, 1926, p. 50, P1. 7,
Fig. 18..

Ancyrognathus asymmetricus (Ulrich and Bassler), Glenister and Klapper,
]966’ p- 80]’ P]o 87’ Figs. ]-50

Ancyrognathus asymmetricus (Ulrich and Bassler), Szulczewski, 1971,
po ]8, P]. 6’ FigS. 6‘7.

Diagnosis.--A nearly symmetrical species of Ancyrognathus.

Outer and 1inner margins of platform are normally concave to straight or
rarely slightly convex. Carina and secondary carina are normally dis-

tinct posterior of their junction.

Occurrence.--Ziegler (1971) records A. asymmetricus only on the

Upper and Uppermost P. gigas Zones. Klapper and others (1971) find A.

asymmetricus in the Upper P. gigas Zone. In my study, A. asymmetricus

was found in the Martin Formation at Van Winkle Ranch, Highway 77,

Pinal Creek and Holy Joe Peak. One specimen assigned to A. asymmetricus

was found in the basal lag deposit of the Percha Formation at Highway

77.
Material.--9 specimens;

Figured Specimens.--UA52907-UA52910 (hypotypes).

Ancyrognathus triangularis Youngquist, 1945
Fig. 11, no. 13, 17

Ancyrognathus irregularis Branson and Mehl, 1934, p. 242, P1. 19, Figs.
1, 2, 10 (non pl. 19, Figs. 4, 16)..
Ancyrognathus triangularis Youngquist, 1945, p. 356-357, P1. 54, Fig. 7.
Ancyrognathus triangularis Youngquist, Glenister and Klapper, 1966,
p. 802, P1. 87, Figs. 10, 13.

Ancyrognathus triangularis Youngqu1st:'Mound 1968, p. 471-472, P1. 65,
Figs. 19-22.- _,

Ancyrognathus tr1angu1ar1s Youngquist, Szu]czewsk1, 1971, p. 19-20,
P]o 6’ Figs. 3‘50 .
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Diagnosis.--A generally triangular species of Ancyrognathus

having a relatively low blade which diminishes in height toward the
posterior end. Platform inner and outer edges are more or less straight
or concave. The angle which is formed between the main keel on the
outer (posterior) lobe and the secondary keel on the inner lateral lobe
is 90 degrees or more.

0ccurrence.--Zieg]ef (1971) records'the range of A. triangularis

from the base of the A. triangularis Zone to the lowest part of the

Upper P. gigas Zone. Klapper and others (1971) find A. triangularis in

the A. triangularis Zone and in the Lower P. gigas Zone. In my study,a

single specimen assigned to A. triangularis was found at Van Winkle

Ranch in the Martin Formation.
Material.--1 specimen.

Figured Specimen.--UA52911 (hypotype).

Genus Icriodus Branson and Mehl, 1938
Type species: Icriodus expansus Branson and Mehl, 1938

Icriodus alternatus Branson and Mehl, 1934
Fig. 11, nos. 14-16, 18, 19

Icriodus alternatus Branson and Mehl, 1934, p. 225-226, P1. 13, Figs.
4-6.

Icriodus alternatus Branson and Mehl, Mound, 1968, p. 486-487, P1. 66,
Figs. 13, 15, 19,.24. ‘ T

Icriodus alternatus Branson and Mehl, Szulczewski, 1971, p. 21, P1. 7,
Fig. 2.

Diagnosis.--A_species of Icriodus where the denticles of the
outer row alternate with the denticles of the middle row. The middle

row of denticles continues posteriorly beyond the outer rows for one

or two teeth.



51

Occurrence.--Ziegler (1962) records I. alternatus from the A.

triangularis Zone to the Upper P. marginifera Zone. Ethington (1965)

found I. alternatus common at Pinal Creek, but in my study I. alternatus
was absent at Pinal Creek and rare elsewhere. I. alternatus was found
in the Martin Formation at Van Winkle Ranch, Highway 77, Steamboat
Mountain, and Globe Hills. One specimen of I. alternatus was found in
the basal beds of the Percha Formation at Highway 77.

Material.--21 specimens.

Figured Specimens.--UA52912-UA52915 (hypotypes).

Icriodus symmetricus Branson and Mehl, 1934
Fig. Il, no. 20

Icriodus symmetricus Branson and Mehl, 1934, p. 226, P1. 13, Figs. 1-3.
Icriodus symmetricus Branson and Menl, Glenister and Klapper, 1966,
p. 805, P1. 95, Figs. 4,5.
Icriodus symmetricus Branson and Mehl, Szulczewski, 1971, p. 23, P1. 7,
Figs. 4,5. '

Diagnosis.-~A slender icriodid with three rows of discrete,
regularly rounded denticles with the denticles of the middle row lo-
cated just opposite or slightly anterior of those in the side rows.

Occﬁfrenée.--Ziegler (1558) records I. symmetricus from the
Lower P. Asymmetricus Zone to the Upper P. gigas Zone. In this study,

a single specimen was found at Steamboat Mountain and several specimens
were found at Holy Joe Peak in the Martin Formation.

Material.--8 specimens.

Figured Specimen.--UA52916 (hypotype).
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Genus Palmatolepis Ulrich and Basslier, 1926
Type species: Palmatolepis perlobata Ulrich and Bassler, 1926

Palmatolepis foliacea Youngquist, 1945
Fig. 12, . no. 1

Palmatolepis foliaceus Youngquist, 1945, p. 364-365, P1. 56, Figs.
11,.12;
Palmatolepis fo]1acea Youngquist, Glenister and Klapper, 1966, p. 810.
Palmatolepis foliacea Youngquist, Schumacher, 1971, p. 147, P1. 14,
Fig. 16.- :

Diagnosis.--A small narrow species of Palmatolepis with little

ornamentation and with an inner lateral lobe that is either very weakly
developed or absent.
Occurrence.--The range of P. foliacea is recorded by Ziegler

(1971) from the higher part of the A. triangularis Zone to the top of

-the Lower P. gigas Zone. In North America, Klapper and others (1971)
find P. foliacea in the A. triangularis and the Lower P. gigas Zones.

In my study, P. foliacea was found in the Martin Formation at Van Winkle
Ranch and Steamboat Mountain.

Material.--25 specimens.

Figured Specimens.--UA52917 (hypotype).

Palmatolepis subrecta Miller and Youngquist, 1947
Fig. 12, nos. 2-6

Palmatolepis subrecta n. sp., Miller and Youngquist, 1947, p. 513, P1.
75, Figs. 7-11.

Pa]matolep1s subrecta Miller and Youngquist, Anderson, 1966, p. 409,
P1. 49, Figs. 11-15, 17, 19. -

Palmatolepis subrecta Miller and Youngqu1st, Glenister and Klapper,
1966, p. 823-824, P1. 88, Figs. 1-3.

Pa1mato1ep1s subrecta Miller and Youngquist, Szulczewski, 1971, p. 41,
P1. 10, Figs. 8-9; P1. 12, Figs. 4-8.




Figure 12, Palmatolepis.

A11 specimens from the Martin Formation except 7, 16 and 17-21 which
are from the Percha Formation.

1--Palmatolepis foliacea Youngquist: 1, top view of UA52917,
x 25.

2-6--Palmatolepis subrecta Miller and Youngquist: 2, top view of
UA52918, x 30; 3, top view of UA52919, x 30; 4, top view of

UA52920, x 30; 5, aboral view of UA52921, x 30; 6, top view
of UA52922, x 30.

7--Palmatolepis punctata (Hinde): 7, top view of UA52923, x 35.

8--Palmatolepis proversa Ziegler: 8, top view of UA52924, x 30.

9-16--Palmatolepis gigas Miller and Youngquist: 9, top view of
UA52925, x 325 10, top view of UA52926, x 30; 11, oblique view
of UA52926, x 26; 12, top view of UA52927, x 25; 13, top view
of UA52928, x 30; 14, top view of UA52929, x 25; 15, aboral
view of UA52930, x 30; 16, top view of UA52931, x 35.

17-20--Palmatolepis distorta Branson and Mehl: 17, top view of
UA52932, x 35; 18, top view of UA52935, x 35; 19, top view of
UA52934, x 35; 20, top view of UA52935, x 35.

21--Palmatolepis glabra pectinata Ziegler: 21, top view of
UA52936, x 25.




Figure 12.

Palmatolepis.
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Palmatolepis transitans Miuller, 1956

Palmatolepis (Manticolepis) transitans, Miller, 1956, p. 18-19, P1. 1,
Figs. 1-2.

Palmatolepis transitans Muller, Szulczewski, p. 42-43, P1. 9, Figs.
1-4, 7, 9. —_—

Diagnosis.~--A species of Palmatolepis with a straight blade ca-

rina and a poorly developed inner lateral lobe. Ornamentation is
coarse and usually concentrated along the outer edge of the platform.
kemarks.f-Samples from the fish bone-rich dolomite at the top
of the Martin Formation at Holy Joe Peak yielded a rich fauna of palmato-
lepids whith were transitional from P. transitans to P. punctata.
Specimens were aésigned to P, transitans on the basis of a poorly de-
veloped to neafly absent inner lobe and a straight b1adeicarina. Den~
ticles on the blade carina were generally fused until the azygous node,
then two or three discrete nodes continued beyond the azygous node
either aligned with the blade carina or at a very slight angle.
Occurrence.--Ziegler (1971) records the range of P. transitans

from the base of the Lower P, asymmetricus Zone to the middle of the A.

triangularis Zone. In my study, specimens assigned to P. transitans
were found at Holy Joe Peak mixed with Upper P. gigas Zone and Lower
Ordovician conodonts.

Material.~-36 specimens.

Unfigured Specimens.--UA52994.

Palmatolepis punctata (Hinde), 1879
Fig. 12, no. 7

Polygnathus punctatus, Hinde, 1879, p. 367, P1. 17, Fig. 14.




55

Palmatolepis punctata (Hinde), Glenister and Klapper, 1966, p. 879,
P1. 88, Figs. 8,9.

Palmatolepis punctata (Hinde), Szulczewski, 1971, p. 38, P1. 9, Fig. 8;
P1. 10, Figs. 1-4.

Diagnosis.--A more or less triangular species of Palmatolepis

with coarse ornamentation on the upper surface. The inner lateral lobe
‘is anterior of the azygous node and the blade carina extends to a down-
ward flexed posterior tip.

Remafks.--g, punctata differs from P. transitans primarily in

having a more markedly differentiated inner lateral lobe.

Occurrence.--Ziegler (1971) records the range of P. punctata
from the base of the Middle P. asymmetricus Zone to the Lower P. gigas

Zone. In my study,g, punctata was found in the Martin Formation at Van
Winkle Ranch, Steémboat Mountain and Holy Joe Peak. One specimen of

P. punctata was found in the basal lag deposit of the Percha Formation
at Highway 77.

Material.--19 specimens.

Figured Specimen.--UA52923 (hypotype).

Palmatolepis proversa Ziegler, 1958
Fig. 12, no. 8

Palmatolepis proversa, Ziegler, 1958, p. 62-63, P1. 3, Figs. 11, 123
P1. 10, Figs. 1-14.

Palmatolepis proversa Ziegler, Mound, 1968, p. 500, P1. 68, Figs. 14,

: 16, 21; P1. 7, Figs. 15, 19.

Palmatolepis proversa Ziegler, Szulczewski, 1971, p. 38, P1. 9, Fig. 8;
P1. 10, Figs. 1-4.

Diagnosis.--A more or less triangular shaped species of Palmato-

lepis with a well developed inner lateral lobe which is directed
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anteriorly at 45° to the carina. The margins of the platform are com-

monly built up with coarse ornamentation.

~ Occurrence.--Ziegler (1971) records the range of P. proversa

from the base of the Middle P. asymmetricus Zone to the Lower P. gigas

Zone. In my study, P. proversa was found in the Martin Formation at

Globe Hills, Pinal Creek, Van Winkle Ranch, and Holy Joe Peak.
Material.--7 specimens.

Figured Specimens.--UA52924 (hypotype).

Palmatolepis gigas Miller and Youngquist, 1947
Fig. 12, nos. 9-16

Palmatolepis gigas, Miller and Youngquist, 1947, p. 512-513, P1. 75,
Fig. 1 o -

Palmatolepis gigas Miller and Youngquist, Anderson, 1966, p. 408, P1. 49,
Figs. 1-2, 4-10, 16,20.

Palmatolepis gigas M111er and Youngquist, Glenister and Klapper, 1966,
p. 810, P1. 88, Fig. 12,

Palmatolepis gigas Miller and Youngquist, Mound, 1968, p. 499, P1. 68,
Figs. 1,2.

Palmatolepis gigas Miller and Youngquist, Szulczewski, 1971, p. 31,
P1. 10, .Fig. 7; P1. 11, Figs. 1-5; P1. 12, Fig. 3.

Diagnosis.--A species of Palmatolepis with a very strongly

elongate inner lateral lobe. o -

Remarks.--P. gigas is a very variable species. Apparently two
geneka] morphotypes are now recognized (Dr. Charles Sandberg, personal
communication, 1975). One has a fairly short roundish platform with an
extremely long inner lateral lobe (Fig. 12, nos. 10-16). The other has
a longer, narrower platform with high anterior denticles on the blade,
a hint of a parapet on the outer edge of the "shoulder" area, and/or

a fairly well developed inner lateral lobe (Fig. 12, no. 9).
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Occurrence.--Ziegler (1971) records P. gigas from the bottom

of the P. gigas Zone to the Lower P. triangularis Zone. In North

America, k]apper and others (1971) report P. gigas from the bottom to

the top of the P. gigas Zone. In my study, P. gigas was found in the

Martin Formatioh at Globe Hills, Job Corps Camp, Van Winkle Ranch,

Highway 77, Steamboat Mountain, and Holy Joe Peak. One specimen as-

signed to P. gigg§_was found in the basal Percha beds at Highway 77.
‘Material.--More than 150 specimens.

Figured Specimens.--UA52925-UA52931 (hypotypes).

Palmatolepis distorta Branson and Mehl, 1934
' Fig. 12, nos. 17-20
Fig. 13, nos. 1, 2, 15

Palmatolepis distorta Branson and Mehl, 1934, p. 237-238, P1. 18, Figs.
13, 14.

Palmatolepis distorta Branson and Mehl, Glenister and Klapper, 1966, p.
809, P1. 89, Fig. 8; P1. 91, Figs. 2,4.

Palmatolepis distorta Branson and Mehl, Dressen and Dusar, 1974, P1. 7,
Fig. 4.

Diagnosis.--A narrow, elongate, strongly sigmoidal species of

Palmatolepis. The blade-carina is strongly sigmoidal and an inner lobe

is absent. A well developed outer margin parapet which lies é]ose to
and parallels the blade is present. The anterior inner platform is
convex upward. '

Remarks.--Glenister and Klapper (1966) say that P. distorta

forms a continuous transitional series with P. glabra pectinata. The

essential difference between these two is that P. distorta displays a
convex arching of the anterior inner platform in contrast to P. glabra

pectinata which is flat or concave in this same area (Ziegler, 1962).



Figure 13. Palmatolepis, Pelekysgnathus.

A11 specimens are from the Percha Formation.

1,2,15--Palmatolepis distorta Branson and Mehl: 1, aboral view
of UA52937, x 35; 2, aboral view of UA52938, x 35; 15,
top views of UA52950 and UA52951, x 35.

3,4--Pa1mat61epis glabra elongata Holmes: 3, oblique view

of destroyed specimen, x 35; 4, oblique view of UA52939,
x 35. .

5,6,7,14,16--Palmatolepis perlobata perlobata Ulrich and
- Bassler: 5, oblique view of UA52941, x 25; 7, aboral view
of UA52942, x 25; 14, aboral view of UA52949, x 35; 16,
aboral view of UA52952, x 35.

8--Palmatolepis perlobata sigmoidea Ziegler: 8, top view
of UA52943, x 35.

9--Pa1mét01epjs marginifera marginifera (?) Helms: 9,
aboral view of UA52944, x 30.

~10,11--Palmatolepis rugosa rugosa Branson and Mehl: 10, top
view of UA52945, x 25; 11, aboral view of UA52946, x 30.

 12,13--Palmatolepis rugosa postera Ziegler: 12, top view of
UA52947, x 30; 13, top view of UA52948, x 30.

17--Pe1ekysgnathus sp. Thomas: 17, side view of UA52953,
x 30.




Figure 13. Palmatolepis, Pelekysgnathus.
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Because of weathering specimens assigned to P. distorta in this study
did not display the shagreen upper surface described by many others.

Occurrence.~-P. distorta is recorded by Ziegler (1971) from the

Lower P, marginifera Zone to the Middle S. velifer Zone. In North
America,g,'distorta is found from the Lower P. marginifera Zone to the

S. subserratus-P. inclinatus Fauna (upper part of the S. velifer Zone).
In my study, P.- distorta was found in the basal lag deposit of the
Percha Formation at Highway 77 and Holy Joe Peak.
Material.--P. distorta was extremely abundant on bedding
planes--more than 500 specimens were examined.
' Figurea'Speéimens.--UA52932-UA52935, UA52937, UA52938, UA52950,
UA52951 (hypotypes).

Palmatolepis glabra Ulrich and Bassler, 1926

Palmatolepis glabra pectinata Ziegler, 1962
Fig. 12, no. 21

Palmatolepis sp. Branson and Mehl, 1941, p. 192, P1. 7, Fig. 11.
Palmatolepis glabra Ulrich and Bassler, 1926, p. 51, P1. 9, Figs. 18-20.
Palmatolepis glabra pectinata Ziegler, 1962, p. 398-399, Pl1. 2, Fig.

3 5.
Palmatolepis glabra pectinata Ziegler, Sandberg and Ziegler, 1973,

p. 104, P1. 2, Figs. 4, 12-15; P1.”5, Fig. 14.

Diagnosis.--A long slender sigmoidal species of Pa]mato]epis

closé]y related to P. distorta but not as strongly sigmoidal and dis-
playing a flat or concave anterior inner platform rather than a convex
inner platform.

Remarks.--This broken specimen does not closely resemble
Ziegler's lectotypes (1962) but is not as sigmoidal as specimens of P.

distorta and does have a flat inner §1atform.
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Occurrence.--Ziegler (1971) reports P. glabra pectinata from

the Upper P. crepida Zone through the Upper P. marginifera Zone.
Sandberg and Ziegler (1973) find P. glabra pectinata in the Upper P.

crepida Zone to the top of the Upper P. rhomboidea Zone. The figured
speciﬁéﬁ was. found in the basal lag deposit of the Percha at Highway 77.
One other specimen.was found in the basal beds of the Percha at Holy
Joe Peak.

Material.--2 specimens.

Figured Specimens.--UA52936 (hypotype).

Pa]mato]epls glabra elongata Holmes, 1928
Fig. 13, nos. 3-4

Palmatolepis elongata, Holmes, 1928, p. 133, P1. 11, Fig. 33. .

Palmatolepis glabra elongata Holmes, 1eg]er, 1962, p. 58, P1. 5, Figs.
6,7.

Palmatolepis glabra elongata Holmes, Glenister and Klapper, 1966, p.
811-814, P1. 95, Fig. 1

Diagnosis.--A subspecies of Palmatolepis glabra that is ex-

tremely narrow and elongate and whose anterior outer platform is tri-
angular in outline.

Remarks.--The two figured specimens generally resemble P. glabra
elongata but were photographed.on a bedding surface and no parapet was
visible. The specimen i]lustrafed in Figure 13, no. 3, was destroyed
while being removed from the roék.

Occurrence.--Ziegler (1962) records the range of P. glabra
elongata from the Lower P. marginifera Zone to the Upper S. velifer
Zone. Klapper and others (1971) record the last occurrence of P. glabra

elongata in the S. subserratus-P. inclinatus Fauna. In my study, P.
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glabra elongata was found in the basal beds of the Percha Formation at

Highway 77.

Material.--2 specimens.

Figured Specimen.--UA52939 (hypotype).

Palmatolepis perlobata perlobata Ulrich and Bassler, 1926
Fig. 13, nos. 5,6,7,14,16

Palmatolepis perlobata, Ulrich and Bassler, 1926, p. 49, P1. 7, Fig. 22.
Palmatolepis perlobata perlobata Ulrich and Bassler, Glenister and
Klapper, 1966, p. 818, P1. 92, Figs. 8, 13; P1. 93, Figs. 1-6.
-Palmatolepis perlobata Ulrich and Bassler, Huddle, 1968, p. 32-33,
P1. 15, Figs. 2,5,8. o |
- Palmatolepis perlobata perlobata Ulrich and Bassler, Szulczewski, 1971,
p.. 37-38, P1. 14, Figs. 3-4.

Diagnosis.--See Ziegler (1962).

- Remarks.--This is a very highly variable form of Palmatolepis.

Figure 13, nos. 14 and 16 were photographed on the bedding surface and
an oral view was not available.

Occurrehce.--Ziegler (1962) records the range of P. perlobata
perlobata from the Upper P. triangularis Zone to the Lower P. costatus

Zone. In my study, P. perlobata perlobata was found in both the basal

beds and carbonate member of the Percha Formation.
Material.~-Over 25 specimens.

Fiqured Specimens.--UA52940-UA52942, UA52949, UA52952
(hypotypes)..

Palmatolepis perlobata sigmoidea Ziegler, 1962
Fig. 9, no. 8

Palmatolepis (Pa]mato]epis) schindewolfi, Miller, 1956, S. 27, Taf. 8,
Figs. 22, 24, 28(?), 31.
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Palmatolepis perlobata sigmoidea subsp., Ziegler, 1962, p. 71-72, P1. 8,
Figs. 7, 9-11.

Diagnosis.--See Ziegler (1962).
Remarks.--This palmatolepid displays many of the characteristics
of Ziegler's types but is not quite as sigﬁoida].

Occurrence.--Ziegler (1971) records the range P. perlobata sig-

moidea from the Lower P. marginifera Zone to the Upper P. styriacus
Zone. In my study, one speciﬁen was found in the basal beds of the
Percha Formation at Highway 77.

Material.--1 specimen.

Figured Specimen.--UA52943 (hypotype).

Palmatolepis marginifera Helms, 1959

Palmatolepis marginifera marginifera Helms, 1959
Fig. 13, no. 9

Palmatolepis quadrantinodosa marginifera Ziegler, Helms, 1959, p. 649,
P1. 5, Figs. 22, 23.

Palmatolepis quadrantinodosa marginifera Helms, Glenister and Klapper,
1966, p. 820, P1. 91, Figs. 6-15.

Palmatolepis marginifera marginifera Helms, Sandberg and Zieg]er, 1973,
p. 104-105, P1. 3, Figs. 13,14,

Palmatolepis marginifera Helms, Dreesen and Dusar, 1974, p. 28, P1. 5,

- Figs. 26-28.

Remarks.--This specimen was photographed on a bedding surface

and closely resembles an aboral P. marginifera marginifera illustrated

by Glenister and Klapper (1966). However, this specimen could be one .
of several roundish oblong palmatolepids. One other specimen, tenta-

tively assigned to P. marginifera marginifera, was lost.
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Occurrence.--Sandberg and Ziegler (1973) record the range of P.

marginifera marginifera through the Lower and Upper P. marginifera Zones.

In my study, P. marginifera marginifera was present only in the basal

beds of the Percha Formation at Highway 77.
Material.--1 specimen.

Figured Specimen.--UA52944.

Palmatolepis rugosa Branson and Mehl, 1934

Palmatolepis rugosa rugosa Branson and Mehl, 1934
R Fig. 13, nos. 10-11

Palmatolepis rugosa, Branson and Mehl, 1934; p. 236, P1. 18, Figs. 15,

16, 18, 19. :
Pa]matoiep1s rugosa, Branson and Mehl, Miller, 1956, p. 29, P1. 9, Fig.
34,

Diagnosié.--A species of Palmatolepis with a strongly sigmoidal

~plate. The posterior tip is blunt and the inner lateral lobe is well
deve]oped.A The surface is ornamented with coarse nodes, scattered gen-
erally around the surface but in rows on the inner lobe, inner edge,
and outer edge. The blade carina is smooth with no denticles.
Remarks.--Ziegler (1962) subdivided P. rugosa into four sub-

species. P. rugosa rugosa in this study most closely resembles P.

rugosa ampla illustrated by Ziegler (1962).
Occurrence.--The range of P. rugosa is recorded by Ziegler (1971)

as from the Upper P. marginifera Zone to the Upper P. styriacus Zone.
In North America, Klapper and others (1971) find P. rugosa rugosa in the

Upper P. styriacus Zone and the Lower and Middle B. costatus Zones.

Sandberg (1976) has found P. rugosa rugosa s.1. in rocks of the P.

styriacus Zone throughout much of the western United States. In my



64

study, P. rugosa rugosa was found in the carbonate member of the Percha

Formation at Saddle Mountain, Brandenburg Mountain 1, and Brandenburg

Mountain 2.
Material.--50 specimens.

Figured Specimens.--UA52945-UA52946 (hypotypes).

Palmatolepis rugosa postera Ziegler, 1960
Fig. 9, nos. 12-13

Palmatolepis rugosa postera, Ziegler, 1960, in Kronberg and others, S.

39, Taf. 2, Figs. 10, 11, Abb. 12, 13.
Palmatolepis rugosa postera Ziegler, 1962, p. 79, P1. 8, Figs. 12-14.

Diagnosis.--See Ziegler (1962).

Remarks.--Ziegler (1962) illustrates P. rugosa postera with a

strong, weak, and no lobe. A1l three varieties were found in this study.
Occurrence.--Ziegler (1971) records the range of P. rugosa

postera from the Lower to the Upper P. styriacus Zone. Klapper and

others (1971) find P. rugosa postera in both the Upper P. styriacus

and Lower B. costatus Zones. In my study, P. rugosa postera was found

in the carbonate member of the Percha Formation at Saddle Mountain,
Brandenburg Mountain 1 and Brandenburg Mountain 2.
Material.--7 specimens.

Figured Specihens.--UA52947-UA52948 (hypotypes).

Genus Pelekysgnathus Thomas, 1949
Type species: Pelekysgnathus inclinata Thomas, 1949

Pelekysgnathus sp.
Fig. 13, no. 17

Remarks.--One fragmental specimen of Pelekysgnathus, showing the

characteristic row of denticles and part of the basal plate,was found
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in this study. The specimen was too incomplete for specific

assignment.
Occurrence.~-0One broken specimen was found in the Percha Forma-
tion at Brandenburg Mountain 1.

Material.--1 specimen.

Figured Specimen.--UA52953.

Genus Polygnathus Hinde, 1879
Type species: Polygnathus robusticostata Bischoff and Ziegler, 1957
- Polygnathus dubius Hinde, 1879

Polygnathus normalis Miller and Youngquist, 1947
. . Fig. 14, nos. 1-4

Polygnathus normalis, Miller and Miller and Youngquist, 1947, p. 515, P1. 74, Fig. 4.

Polygnathus normalis Miller and Youngquist, Druce, 1969, p. 102, P1. 19,
Figs. 7-10.

Polygnathus normalis M1]1er and Youngqu1st, Szulczewski, 1971, p. 49-50,
P1. 19 F1gs. 2-5

D1agnos1s.--5ee M111er and Youngquist (1947)

Remarks.--In this study P. normalis was quite abundant and dis-
piayed wide morphological variability. Most specimens were arched with
transverse ridées running perpend%cular to the blade carina.

Occurrence.-{g. normalis fénges from thé upper part of the Mid-

dle Devonian to as high as the Lower P. marginifera Zone. In this study,

P. normalis was found in the Martin Formation at Pinal Creek, Globe Hills,

Van Winkle Ranch, Job Corps Camp, and Highway 77.

Material.--More than 200 specimens.

Figured Specimens.--UA52954-UA52957 (hypotypes).




Figure 14. Polygnathus.

Numbers 1-4 are from the Martin Formation. Number 5 is from the Esca-
brosa Limestone. Numbers 6-17 are from the PerchavFormation.

1-4--Polygnathus normalis Miller and Youngquist: 1, oblique
view of UA52954, x 30; 2, oblique view of UA52955, x 30;
3, oblique view of UA52956, x 25; 4, oblique view of UA52957,
x 27. . ‘

5--Polygnathus communis Branson and Mehl: oblique view of
UA52958, x 30.

6--Polgynathus sp. A: 6, top view of UA52959, x 35.

7,8--Polygnathus sp. B: 7, top view of UA52960, x 35; 8, aboral
view of UA52961, x 27.

9--Polygnathus sp. C: 9, top view of UA52962, x 35.

10--Polygnathus perplexus Thomas: 10, oblique view of UA52963,
x 35. '

11--Polygnathus sp. D:- 11, aboral view of UA52964, x 35.

12,13--Polygnathus sp E: 12, side view of UA52965, x 25; 13,
side view of UA52966, x 25.

14--Polygnathus breQi1aminus Branson and Mehl: 14, oblique
view of UA52967, x 25. :

15-17--Polygnathus semicostétus Branson and Mehl: 15, oblique
view of UA52968, x 25; 16, oblique view of UA52969, x 25,
17, side view of UA52970, x 30.




Figure 14

Polygnathus
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Polygnathus brevilaminus Branson and Mehl, 1934
Fig. 14, no. 14

Polygnathus brevilaminus, Branson and Mehl, 1934, p. 246, P1. 21, Figs.
3-6. ' , :

Polygnathus brevilaminus Branson and Mehl, Mound, 1968, p. 504-505, P1.
69, Figs. 6,7. )

Polygnathus brevilaminus Branson and Mehl, Szulczewski, p. 46-47, P1.
18, Figs. 5,6, 10.

Remarks.=--Specimens of P. brevilaminus found in this study gen-

erally conformed with the type specimens of Branson and Mehl.

* Qccurrence.--P. brevilaminus was found in the Percha Formation

at Brandenburg Mountain 1 and Brandenburg Mountain 2.

Material.--5 specimens.

Figured Specimens.--UA52967 (hypotype).

Polyagnathus communis Branson and Mehl, 1934
Fig. 14, no. 5

Polygnathus communis Branson and Mehl, 1934, p. 293, P1. 24, Figs. 1-4.

Polygnathus communis Branson and Mehil, Mound, 1968, p. 505, Pl. 69,
Figs. 12, 13, 18 (Gives synonymy).

Polygnathus communis communis Branson and Mehl, Dreesen and Dusar, 1974,
p. 13, P1. 1, Figs. 21-29; P1. 4, Figs. 3-9; Text Figs. 9, T0.

Remarks.--P. communis is a smooth, essentially unornamented poly-
gnathid, with a bpwgd, moderate]y arched platform. . |

Occurrence.--Dreesen and Dusar (1974) extended the range of P.
communis down to the Middle P. crepida Zone. P. communis ranges through
the rest of the Upper Devonian and into the Mississippian; In my study,
P. communis was found in the top part of the carbonate member of the
Percha Formation at Brandenburg Mountain 1 and Brandenburg Mountain 2.

P. communis also occurs in the Mississippian Escabrosa Limestone at

Steamboat Mountain.
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Material.--10 specimens.

Figured Specimen.--UA52958 (hypotype).

Polygnathus homoirregularis (Thomas, 1949)
- Fig. 15, nos. 1, 2, 5, 6

Palmatolepis ? irregularis, Thomas, 1949, p. 416-417, P1. 2, Fig. 27.

Polygnathus irreqularis (Thomas), Helms, 1961, p. 485-486, Taf. 3, Bild.
. 3’ 5'7. .

Diagnosis.--See Helms (1961).
Remarks.--Ziegler (1971) agreed with Helms' (1961) assignment of

Palmatolepis ? irreqularis Thomas to Polygnathus, but points out that

Polygnathus irregularis is 6ccupied. He proposes that Polygnathus homo-

irreqularis bg used for Palmatolepis ? irreqularis Thomas.

. Most specimens closely resemble the holotype illustrated by
Thomas (]949)._.However, a few were somewhat different (Fig. 15, no. 2)
and ﬁfobablj represent'transitional forms. Figure 15, nos. 5-6 are

probably P. homoirregularis transitional to Polygnathus hassi (Charles

A. Sandberg, personal communication, 1975).
Occurrence.--Ziegler (1971) records the range of P. homoirregu-
laris from the Lower to'the'Upper P. styriacus Zone. Klapper and

others (1971) find P. homoirregularis in the S. subserratus-P. inclinatus

Fauna, in the Upper P. Stzriacus Zone, and in the lower part of the B.

costatus Zone. In my study, P. homoirregularis was present in the car-

bonate member of the Percha Formation at Brandenburg Mountain 1.

Material.--6 specimens.

Figured Specimens.--UA52971, UA52972, UR52975 (hypotypes).



Figure 15. Polygnathus, Polylophodonta, Siphonodella, Bispathodus.

A1l specimens are from the Percha Formation except Nos. 13 and 14, which
are from the Escabrosa Limestone.

1,2--Polygnathus homoirregﬂ]éfis (Thomas): 1, oblique view of
UA52971, x 30; 2, top view of UA52972, x 30.

3,4--Polygnathus perplexus Thomas: 3, oblique view of UA52973,
x 30; 4, oblique view of UA52974, x 32.

5,6--Polygnathus homoirreqularis (Thomas) transitional to Poly-
gnathus hassi Helms: 5, top view of UA52975, x 30; 6, oblique
view of UA52975, x 30.

7-9--P01ylophodontalconf]uens (Ulrich and Bassler): 7, top view
of UA52976, x 35; 8, top view of UA52977, x 35 9, ob11que
v1ew of UA52978, x 27.

10-12--Poly]ophodonta concentrica (Ulrich and Bassler): 10, :
oblique view of UA52979, x 27; 11, top view of UA52980, x 27;
12, oblique view of UA52981, x 25.

13,14--Siphonodella isosticha Cooper: 13, close-up of platform
of UA52982, X600; 14, oblique view of UA52982, x 30.

15,16--Bispathodus stabilis (Branson and Mehl): 15, side view of
UA52983, x 30; 16, oblique view of UA52984, x 25.




Figure 15. Polygnathus, Polylophodonta, Siphonodella, Bispathodus.
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Po]ygnéthus perplexus Thomas, 1949
Fig. 14, no. 10; Fig. 15, nos. 3-4

Polygnathus perplexa, Thomas, 1949, p. 418, P1. 2, Fig. 23.
Polygnathus perplexa Thomas, Helms, 1959, P1. 6, Fig. 27.
Polygnathus perplexa Thomas, Helms, 1961, P1. 1, Figs. 18, 19; PIl. 4,
Figs. 1-3, 5; Text Fig. 10.
Polygnathus perp]exus Thomas, Dreesen and Dusar, 1974, p. 17, P1.
Fig. 25.

Diagnosis.-~See Helms (1961).:

Remarks.--Two morphotypes of P. perplexus were found in this
study. The first displayed a broad platform and was highly ornamented
with coarse nodes and displayed the characteristic rostrum on the ante-
rior part of the platform. The second was longer and narrower and was
ornamented by ridges and fused nodes and also displayed the characteristic
rostrum. |

Occurrence.--Dreesen and Dusar (1974) record fhe range of P.
perplexa from the basal part of the Upper P. marginifera Zone into the
S. velifer Zone. Ziegler (1971) records the range from the Upper S.
velifer Zone to the Upper P. styriacus Zone. Klapper and others (1971)
find P. perplexa in the S. subserratus-P. inclinatus Fauna, in the Upper

P. styriacus Zone, and.in the lower part of the B. costatus Zone. In my
study, the first morphotype was found in the bésa] beds of the Percha
Formation at Highway 77 and the second morphotype in the carbonafe mem-
ber of the Percha Formation at Saddle Mountain, Brandenburg Mountain 1,

and Brandenburg Mountain 2.
Material.--10 specimens.

Figured Specimens.--UA52963, UA52973-UA52974 (hypotypes).
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Polygnathus semicostatus Branson and Mehl, 1934
Fig. 14, nos. 15-17

Polygnathus semicostata Branson and Mehl, 1934, p. 247-248, P1. 21,
Figs. 1, 2.
Polygnathus semicostatus Branson and Mehl, Szulczewski, p. 51, P1. 19,
" Fig. 6. : ' .
Polygnathus semicostatus Branson and Mehl, Dreesen and Orchard, 1974,
p. 3, P1.. 1, Figs. 1-8; P1. 2, Figs. 1-5.

Diagndsis.--See Dreesen and Orchard (1974).

Occurrence.--Dreesen and Orchard (1974) record the range of P.

semicostatus from the Middie P. crepida Zone to the S. velifera Zone.

Klapper and others (1971) repoft P. semicostatus from as high as the

B. costatus Zone. In my study, P. semicostatus was abundant in the

carbonate member of the Percha Formation at Steamboat Mountain, Saddle
“Mountain, Brandenburg Mountain 1, and Brandenburg Mountain 2. One

specimen from Peppersauce Wash was tentative]y'assigned to P.

semicostatus.

Material.--71 specimens.

" Figured Specimens.--UA52968-UA52970 (hypotypes).
Polygnathus sp. A
Fig. 14, no. 6
Remarks.-~This unknown species may have affinities to Palmato-

lepis or possibly to Po]ygnatﬁus'homoirregu]aris.

Occurrence.--Basal beds of the Percha Formation at Highway 77.

Material.--1 specimen.

Figured Specimen.--UA59259,
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Polygnathus sp. B
Fig. 14, nos. 7, 8

Remarks.--This unknown polygnathid could be a gerontic form of

one of several common polygnathis species. P. planirostratus (Dreesen

and Dusar, 1974, P1. 2, Figs. 13-20), P. normalis (Szulczewski, 1971,

P1. 19, Fig. 3), and Polygnathus sp. A (Drucé, 1969, P]. 21, Fig. 3),
all show affinities to this strange form. The ornamentation of the
posterior half of the platform bears close resemblance to po]y]ophodondid
ornamentation.
Specimen no; 8 was.photographed on a bedding plane and appears
to be the aboral view of specimen no. 7.
Occurrence.--Basal beds o% the Pércha Formation at Highway 77.
Material.--10-specimens. |

Figqured Specimens.F-UASZQGO, UA52961.

Polygnathus sp. C i
Fig. 14, no. 9 ’

Remarks.--This heart-shaped polygnathid displays very fine trans-
verse polylophodontid-like ridges on the entire oral surface when the
specimen is moistened.

Occurrence.--Basal beds of the Percha Formation at Highway 77.

Material.--1 specimen,

_Figured Specimen.--UA52962.

Polygnathus sp. D
Fig. 14, no. 11

Remarks.--Aboral view of unknown specimen photographed on a

bedding plane.
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Occurrence.--Basal beds of the Percha Formation at Highway 77.

Material.--1 specimen.

Figured Spécimen.-—UA52964.

Polygnathus sp. E
Fig. 14, nos. 12, 13

Remarks.--Juvenile polygnathids too young to be identified
specifically.
| Occurrence.--Carbonate member of the Percha ?ormétidn, Branden-
burg Mountain 1 and Brandenburg Mountain 2.

Material.--15 specimens.

Figured Specimens.--UA52965-UA52966.

Genus Polylophodonta Branson and Mehl, 1934

Type species:. Polygnathus gyratilineata Holmes, 1928
Polylophodonta confluens (Ulrich and Bassler, 1926)
Fig. 15, nos. 7-9

Polylophodonta confluens Ulrich and Bassler, 1926, p. 46-47, P1. 7,
Figs. 14, 15.

Polylophodonta confluens (Ulrich and Bassler), Glenister and Klapper,
1966, p. 831-832, P1. 94, Figs. 10, 11.

Polylophodonta confluens (Ulrigh and Bassler), Huddle, 1968, p. 42, PI1.
]7’ Figs. ]’ 2’ 8’ 9’ ]]o

Polylophodonta confluens (Ulrich and Bassler), Dreesen and Dusar, 1974,
P1. 4, Fig. 21.

~ Remarks.--A spécies of Polylophodonta with rows of nodes and

ridges which parallel the free blade at the anterior end of the platform
and with transverse ridges on the posterior part of the platform.

Occurrence.--Helms (1961) reported P. confluens from the Lower

S. velifer Zone. Ziegler (1971) reports Polylophodonta from the Upper

P. rhomboidea and Lower P. marginifera Zones. In my study, Polylophodonta

was present in the basal beds of the Percha Formation at Highway 77 and

Holy Joe Peak.
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Material.--More than 20 specimens.

Figured Specimens.--UA59276-UA59278 (hypotypes).

Po]qughodonta concentrica Ulrich and Bassler, 1926
Fig. 15, nos. 10-12

Polygnathus concentricus Ulrich and Bassler, 1926, p. 47, P1. 8, Figs.
6, 7.

Polylophodonta concentrica (Ulrich and Bassler), Hudd]e, 1968, p. 41,
P1. 17, Figs. 3-7, 10.

Remarks.--A species of Polylophodonta with a short free blade,

and a tongue-shaped platform. Ridges and nodes are arranged in a vari-
ety of ways on the platform but are always in a concentfic pattern.
Occurrence.--P. concentrica was present in basal beds of the
Percha Formation at Highway 77.
Material.--More than 15 spec1mens

Figured Spec1mens ~--UA52979-UA52981 (hypotypes)

Genus Siphonodella Branson and Mehl, 1948
SiphonodelTa isosticha (Cooper), 1939
Fig. 15, nos. 13, 14

Siphonognathus isosticha Cooper, 1939, p. 409, P1. 41, Figs. 9, 10.

Siphonodella isosticha (C oper}, Ethington, 1965, p. 587, P1. 67, Figs.
15, 17.

_lphonodella isosticha (Cooper), Rexroad, 1969, p. 43, P1. 3, Figs. 1-4.

Remarks.--A species of Siphonodella which is unornamented except
for a carina and rostral ridges. This species was used to locate the
Devonian-Mississippian contact whgre there was no obvious 1ithologic con-
tact. Figure 15, no. 13 is a close-up of the platform of no. 14.

Occurrence.--S. isosticha was found in the basal beds of the

Mississippian Escabrosa Limestone at Pinal Creek (from a thin platy unit
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reported by Ethington, 1965), Highway 77, Van Winkle Ranch, Steamboat
Mountain, Brandenburg Mountain 1, and Saddle Mountain.
Material.--53 specimens.

Figured Specimen.--qA52982.

Genus Bispathodus (Miiller, 1962)
Type species: Spathodus spinulicostatus, Branson, 1934

Bispathodus stabilis (Branson and Mehl, 1934)
Fig. 15, nos. 15, 165 Fig. 16, nos. 1-3

Spathodus stabilis, Branson and Mehl, p. 188, P1. 17, Fig. 20.

Bispathodus stabilis (Branson and Mel h]), Zieqler, Sandberg, and Aust1n,
' 1974a, p. 100, Fig. 10; P1. 3, Figs. 1-3.

Diagnosis.--A species of Bispathodus that has only one row of
déntic]es and relatively small, narrow basal cavity that does not exténd
to the posterior end. |

Remarks.--Ziegler, Sandberg, and Austin (1974a, 1974b) recog-
nize two morphotypes of B. stabilis. The Bispathodus branch (Morphotype
2) has a large basal cavity that extends to the posterior end, and the
aculeatus branch (Morphotype 1) has a smaller basal cavity‘that does not
reach to the posterior end. Specimens of morphotype 1 were found in
this study. |

Occurrence.--Ziegler, Sandberg, and Austin (1974a) record the
range of B. stabilis from the Upper P. marginifera Zone to the Lower
Carboniferous. B. stabilis was found in my study in the Percha Forma-
tion at Saddle Mountain, Brandenburg Mountain 1, and Brandenburg

Mountain 2.

Material.--8 specimens.

Figured Specimens.--UA52983, UA52985, UA52984 (hypotypes).



Figure 16. Spathognathodus, Bispathodus, Ostracod, Molluscs,

Gluteus.

~A11 specimens from the Percha Formation.

1-3--Bispathodus stabilis Branson and Mehl: 1, close-up of
basal cavity of UA52985, x 600; 2, aboral oblique v1ew of
UA52985, x 30; 3, side view of UA52985 x 30.

4, 5--¥gathognathodus inornatus (Branson and Mehl): 4, aboral

oblique view of UA52986, x 30; 5, side view of UA52986
x 30.

6-8--0stracods from P. styriacus Zone of the Percha Formation:
6, UA52987; 7, UA52988; 8, UA52989, all x 25.

9--Gastropod from the P. styriacus Zone of the Percha Forma-
tion: 9, UA52990, X 25

10-14--Gluteus minimus Davis and Semken: 10, smooth side view of
UA529971, x 19; ]], growth line side view of UA52991, x 19;
12, smooth side view of UA52992, x 19; 13, growth line side

view of UA52992, X 193 14 external mo]d of growth line side,
UA52993, x 19.



Figure 16.
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Spathognathodus, Bispathodus, Ostraced. Molluscs, Gluteus.



77

Genus Spathognathodus Branson and Mehl, 1941
Type species: Spathodus primus Branson and Mehl, 1933

Spathognathodus inornatus (Branson and Mehl, 1934)
Fig. 12, nos. 4, 5

Spathognathodus inornatus Branson and Mehl, 1934, p. 185, P1. 17,
Fig. 23. '

Spathognathodus inornatus (Branson and Mehl), Rexroad, 1969, p. 47,
P1. 6, Figs. 1, 2.

Remarks.--A species of Spathognathodus with oral and aboral

margins subparallel. This specimen has 12 denticles, most of which are
broken near. their tips. The basal cavity is elongate and extends to
the posterior end.

. ~ Occurrence.--In this study,S. inornatus is present in the lower
part of the carbonate member of the Percha Formation at Brandenburg Moun-
tain 1 and'Brandenbuﬁg.Mountain 2.

Material.--3 specimens.

Figured Specimens.--UA52986 (hypotype).

Other Microfossils

Molluscs
Fig. 16, no. 9

Gastropod from the Percha Formation at Saddle Mountain.
Material.--5 specimens.

Figured Specimens.--UA52990.

Ostracods
Fig. 16, nos. 7, 8

Ostracods found in the lower part of the carbonate member of the Percha

Formation at Saddle Mountain.
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Material.--20 specimens.

'Figured Specimens.--UA52987-UA52989.

\,

“Genus_Gluteus Davis and Semken, 1975
Type species: Gluteus minimus Davis and Semken, 1975

Gluteus minimus Davis and Semken, 1975
Fig. 16, nos. 10-14

Gluteus minimus, Davis and Semken, 1975, p. 251-252, Figs. 2, A-D.

Diagnosis.--This fossil of unknown biological affinities is
small, bilobate, asymmetrical and displays a smooth side and a side with
concentric growth rings. A1l specimens found in my study generally re-
semble the holotypes of G. minimus, but are smaller.

Océurrence.--Davis and Semken (1975) report this fossil from
four localities in the Maple Mill Shale of Iowa. Based on conodonts,

the Maple Mi11 Shale was assigned to the Pelekysgnathus inclinatus-

Scaphignathus subserratus Fauna (upper part of the Scaphignathus velifer
Zone) by Beinert in Klapper and others (1971). In my study, Gluteus
minimus was found in the basal beds of the Percha Formation at Highway
77, Brandenburg Mountain 2, and Holy Joe Peak. Conodonts found with G.
minimus in the Percha Formation allow assignment to the same P. -

inclinatus-S. subserratus Fauna as the Maple Mi1l Shale.

~Material.--More than 100 complete or partial specimens.

Figured Specimens.--UA52991-UA52993 (hypotypes).




APPENDIX A
CONODONT DISTRIBUTION AND STRATIGRAPHIC COLUMNS

Fiqures A.1-A.11--Explanation

Atfy = atrypid brachiopods

inart = iparticular béachiopods
rhy = rhynchonellid brachiopods
brach | = brachiopods

fish = fish bones and/or teeth
coral = corals, colonial or solitary
coen = Coenites

pachy = Pachyphyllum

hex = Hexagonaria

syring = Syringopora

snails = gastropods

tenta = tentaculitids

ost = ostracods

phos pel = phosphatic pellets

traisi = trails

‘HC = fHorse co]]arsf, Gluteus minimus
bry = bryozoan

clams = bivalves

sponge = sponges (spicules or specimens)
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EA
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stomatoperoids
crinoids

common, over 15 specimens observed on bedding
planes

extremely abundant, over 100 specimens observed on

~ bedding planes

not counted, abundant conodonts on bedding planes
studied but not counted
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