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ABSTRACT

Conodont faunas from the Upper Devonian M artin  and Percha Forma­

tion s  in  the study area can be assigned to two Frasnian and two Famen- 

nian conodont zones. The Famennian faunas were recovered from s tra ta  

th a t  had p rev io u s ly  been included w ith in  the M artin  Form ation, but have 

since been assigned to  the Percha Form ation. Three lo ca l zones are  

recognized in  the Percha: 1) the Palm atolepis d is to r ta  Zone, 2) the

Palm atolepis 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 p a rt o f  the Scaphignathus v e l i f e r  

Zone ( Scaphignathus subserratus-Pelekysgnathus in c lin a tu s  Fauna) and 

the Upper Polygnathus s ty ria c u s  Zone. These s tra ta  are  the tim e and 

l i th o lo g ic  eq u iv a le n t o f  the Box Member o f  the Percha Shale o f  New 

Mexico.

The Frasnian zones are  the Lower and Upper Palm atolepis gigas 

Zones. The Frasnian faunas were recovered from the upper fo s s ili fe ro u s  

p a rt o f  the M artin  Form ation.

The Frasnian-Famennian boundary in  the study area is  an uncon­

fo rm ity  w ith  a h ia tus  spanning as many as tw elve o f  the standard cono­

dont zones and is  lo c a l ly  ch a ra c te rize d  by a basal Percha (L a te  

Famennian) lag  d ep o s it. Gluteus minimus, a phosphatic m ic ro fo s s il o f  

unknown b io lo g ic a l a f f i n i t i e s ,  p rev io u s ly  reported  on ly from Iowa, is  

present in  basal Percha s t r a ta  in  the study area .

v i i i



INTRODUCTION

Purpose

This study was undertaken to  determ ine the s tra t ig ra p h ic  d is t r i  

bution o f  conodonts in  the Upper Devonian M artin  and Percha Formations 

in  the Globe-Mammoth area o f  G ila  and Pinal Counties, A rizona . A lo ca l 

conodont b io s t r a t i  graphic zonation could then be es tab lish ed  and com­

pared to  the re fin e d  zonations which have been erected  fo r  both Europe 

and North America. In th is  manner the Upper Devonian s t r a ta  in  the  

study area could be very p re c is e ly  dated.

Based on co ra ls  and brachiopods, e a r ly  workers (K in d le , 1916) 

assigned a Late Devonian age to  the Devonian s tra ta  in  the study area . 

Also based on brachiopods and c o ra ls , T e ic h e rt  (1965) assigned a Late  

Frasnian age to  the fo s s ili fe ro u s  upper p a rt o f  the M artin  Formation. 

T e ic h e rt named these fo s s ili fe ro u s  beds the "upper u n it"  o f  the Jerome 

Member o f  the M artin  Form ation. E a r l ie r ,  Stoyanow (1936) had reported  

a rhynchonellid  brachiopod fauna from the h ighest beds o f  the M artin  

Formation (h ig h es t beds o f  T e ic h e r t 's  upper u n it )  and suggested th a t  

these s tra ta  were q u ite  younger than the re s t  o f  the M a rtin . Recently  

Schumacher and others (1976) assigned the upper p a rt o f  T e ic h e r t 's  

upper u n it ,  which includes the beds from which Stoyanow reported  the  

rhynchonellid  brachiopod fauna, to  the Percha Form ation.

Ethington (1965) described a sparse conodont fauna from the  

M artin  and confirmed the Late Frasnian age assignment. E thington also
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reported  conodonts younger than Late Frasnian from the M artin  near 

Bisbee, A rizona. These younger s t r a ta ,  now assigned to the Percha 

Form ation, have remained unstudied to the p resent. In  a d d it io n , since  

E th ing ton 's  work, a h ig h ly  re fin e d  conodont b io s t r a t i  graphic zonation  

has emerged fo r  both Europe and North America. T h e re fo re , the prim ary  

o b je c tiv e s  o f  th is  study were: 1) to  determine the age and conodont

b io s tra tig ra p h y  o f  the Percha Formation in the study a re a , 2) to  d e te r­

mine more p re c is e ly  the age o f  the fo s s ili fe ro u s  beds o f  the remainder 

( a f t e r  removing the s tra ta  now assigned to the Percha Form ation) o f  

T e ic h e r t 's  upper u n it  o f  the M artin  Form ation, and 3) to  compare the  

conodont zones found in  the study area to  the standard conodont zona- 

tio n s  fo r  North America and Europe.

Secondary o b je c tiv e s  o f  th is  study were: 1) to  study b r ie f ly

the conodont paleoecology o f  the study a re a , 2) to  examine c lo s e ly  the  

Frasnian-Famennian boundary beds in  the study a rea , and 3) to  study  

b r ie f ly  the unique f o s s i l .  Gluteus minimus (Davis and Semken, 1975).

Location

Eleven s tra t ig ra p h ic  sections were measured and sampled fo r  

conodonts. S ix  prim ary sections were s y s te m a tic a lly  sampled on a bed- 

by-bed basis o r every f iv e  fe e t  (1 .5  m eters ). F ive supplementary sec­

tio n s  were sampled a t  c r i t i c a l  horizons. These sections are in d ic a te d  

by number on the L o c a lity  Map (F ig . 1 ) .

1. ; Globe H i l ls :  S l /2  NW1/4 sec. 13, T . 1 N ., R. 15 E . , Globe
Quadrangle, G ila  County.

2 . P inal Creek: W l/2 NW1/4 SE1/4 sec. 10, T. 1 N ., R. 15 E .,
Globe Quadrangle, G ila  County.
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3. Job Corps Camp: NE1/4 SW1/4 sec. 35, T. 1 N ., R. 17 E .,
Dourine Canyon Quadrangle, G ila  County.

4 . Van W inkle Ranch: NW1/4 SE1/4 sec. 19, T. 2 S . ,  R. 16 E .,
Christmas Quadrangle, G ila  County.

5. Highway 77: S l/2  SW1/4 NW1/4 and E l/2  NW1/4 SW1/4 sec. 10,
T . 3 S . , R. 15 E . , El Capitan Mountain Quadrangle, G ila  
County.

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

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

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

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

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

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

F ie ld  Methods and Laboratory Techniques 

Sections were measured using a Brunton compass and a Jacob s t a f f .  

Two to  fo u r kilogram  samples were c o lle c te d  from each bed o r a t  f iv e  

fo o t (1 .5  m eters) in te rv a ls .  800-1000 grams o f  each carbonate sample 

were irranersed in  10-15 percent g la c ia l a c e tic  ac id  fo r  a period o f  f iv e  

to  seven days. In  most cases not a l l  o f  the sample d isso lved . Produc­

t iv e  samples were processed tw ice . "Quaternary 0" was used to  break 

down shales . "Quaternary 0 " , when mixed w ith  w ater and b o ile d , d is ­

aggregates most sha les .

The in s o lu b le  residues were then washed, s ieved , and d r ie d . The 

d ried  residue was separated using heavy l iq u id  (tetrabrom oethane) as
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described by C o llinson (1 9 6 3 ). The heavy f ra c t io n  o f  the residue was 

examined fo r  conodonts using a b in o cu la r microscope.

Thin sec tio n s , po lished s lab s , and ac e ta te  peels were used to  

id e n t ify  l i th o lo g ie s .  Dunham's (1962) c la s s if ic a t io n  was used to  de­

scrib e  the rock types.

Photographs were taken w ith  e ith e r  P o laro id  Type 55 P/N f i lm ,  

using an AIR Scanning E lectron  Microprobe Quantometer (SEMQ), o r Kodak 

Panatomic X f i lm ,  using a P o laro id  MP-3 Land Camera.



PREVIOUS WORK

S tra tig ra p h y

Blake (1901) was the f i r s t  to  re p o rt fo s s ils  o f  Devonian age 

from southern Arizona (from  the Santa R ita  M ountains). W illiam s (1903) 

compiled a faunal l i s t  o f  Devonian fo s s ils  from a section  along Pinal 

Creek near Globe. Based on these fo s s ils  he suggested an e a r ly  neo- 

Devonian age fo r  these s t r a ta .  Ransome (1904) proposed the name M artin  

Limestone fo r  e q u iv a le n t beds exposed a t  Mount M artin  on Escabrosa Ridge, 

near Bisbee. In  1916, Ransome extended the M artin  Limestone in to  the  

Globe a rea . K indle (1916) examined fo s s ils  from th is  area and assigned  

a Late Devonian age to  these s t r a ta .  Huddle and Dobrovolny (1952) 

stud ied  Devonian and M iss iss ip p ian  s tra ta  in  e a s t-c e n tra l A rizona . They 

proposed th a t  the term M artin  Formation should be used instead  o f  M artin  

Limestone because o f  the vary ing  lith o lo g y  o f  the Devonian s t r a ta .  They 

s ta ted  th a t  faunal evidence in d ic a te  a Late Devonian age fo r  the M artin  

Form ation. T e ic h e rt (1965) and Pine (1968) s tud ied  the s tra tig ra p h y  and 

paleogeography o f  Devonian s tra ta  in  the study area . T e ic h e rt  examined 

sections a t  Globe and to the n o rth . Pine examined sections in  G ila ,  

Graham, Greenlee and P inal Counties. T e ic h e rt  assigned a la te  Frasnian  

age to  the fo s s ili fe ro u s  upper p a r t  o f  the M a rtin , and Pine assigned a 

F in g erlake  and Chemung (F rasn ian ) age to  th is  same upper p a r t  o f  the  

M a rtin .

6
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Stoyanow (1936) reported  the Famennian brachiopod Catnerotoechia 

(= Paurorh,yncha) e n d lic h i (Meek) from the upper beds o f  the M artin  along  

Pinal Creek. Based on th is  f o s s i l ,  he c o rre la te d  these s tra ta  w ith  the  

low er p a rt o f  the Ouray Limestone o f  Colorado. He proposed th a t  the  

s tra ta  con ta in ing  the Camerotoechia en d !ic h i fauna, between the M artin  

and the M is s is s ip p ia n , be named the Lower Ouray Formation. As th is  

u n it  was defined  by i t s  faunal c h a ra c te r is t ic s  ra th e r  than by i t s  l i t h o ­

lo g ic  and s tra t ig ra p h ic  c h a ra c te r is t ic s , the name was never accepted and 

subsequent workers included these s t r a ta  w ith in  the M artin  Formation 

(Huddle and Dobrovolny, 1952; W righ t, 1964; T e ic h e r t , 1965; P in e , 1968; 

K rie g e r, 1 9 6 8 a ,b ,c ,d ) . R ecently , Schumacher and others (1976) proposed 

the name Percha Formation fo r  the sequence o f  s lope-form ing  shales and 

o v e rly in g  ledge-form ing carbonates th a t  occur above the M artin  in  much 

o f  southern Arizona and which con ta in  the Paurorhyncha en d lic h i fauna . 

Gordon (1907) f i r s t  in troduced the name Percha when he assigned the  

Devonian s tra ta  in  the K ingston-H i11sboro-Lake V a lle y  d i s t r i c t  o f  south­

western New Mexico to  the Percha Shale . Stevenson (1945) d iv id ed  the  

Percha Shale in to  a lower Ready Pay Member co n s is tin g  o f  f i s s i l e  b lack  

shale and an upper Box Member composed o f  ye llo w ish  to g reen ish -gray  

shales w ith  lim estone nodules and shaly lim estones near the to p . Since  

Stoyanow's Lower Ouray name was in v a l id ,  the name Percha Formation was 

proposed fo r  th is  u n it  because o f  i t s  l i th o lo g ic  s im i la r i t y  to  the  

Percha Shale o f  New Mexico w ith  which i t  c o rre la te s  (Schumacher and 

o th e rs , 1976).
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Conodonts

Devonian conodonts from Arizona were f i r s t  reported  by Sabins 

(1957) from the P o rta l Formation a t  Blue Mountain in  the Chiricahua  

range in  the southeastern corner o f  A rizona. T e ic h e rt  (1965) reported  

a Late Frasnian conodont fauna from the " Is lan d  Mesa beds" o f  Stoyanow 

(1936) near the Verde R iv e r.

Ethington (1962, 1965) described a sparse conodont fauna from  

fo u r lo c a l i t ie s  in  A rizona. He sampled sections o f  the M artin  Formation 

a t  Globe, Superio r and Bisbee, and the P orta l Formation a t  Blue Moun­

ta in .  E thington (1965) reported  Palm atolepis su b rec ta , A n cyrode lla , 

and an abundance o f  Polygnathus from the M artin  Formation and thereby  

confirmed i t s  Late Frasnian age. He also reported  fragments o f  Palmato­

le p is  rugosa from Black Cap in  the Bisbee area and noted th a t  th is  

species is  younger than those found elsewhere in  the M a rtin .

On a w orld-w ide b as is . Upper Devonian conodont b io s tra tig ra p h y  

has been w e ll stud ied  in  recen t years and extrem ely re fin e d  zonations  

have been erected  fo r  both Europe and North America. Z ie g le r  (1962 , 

197 1 ), the p ioneer o f  Upper Devonian conodont b io s tra tig ra p h y , estab ­

lis h e d  a zonation co n s is tin g  o f  TO zones and 24 subzones fo r  Europe. 

Most subsequent work has been d ire c te d  toward extending or re f in in g  

th is  zonation . In  1967, C la rk  and Ethington recognized and described  

conodonts from nine o f  Z ie g le r 's  ten m ajor zones in  the Upper Devonian 

o f  the G reat Basin. In  1971, the Symposium on Conodont B io s tra tig ra p h y  

(K lapper and o th ers ) was published. In  th is  volume Z ie g le r  fu r th e r  re ­

f in e d  h is  1962 zonation and added the ranges o f  many new index taxa .
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Klapper and others (1 9 7 1 ), in  th is  same volume, es tab lish ed  a zonation  

fo r  North America based on re feren ce  sections throughout the North 

American c o n tin e n t. D iffe ren ces  and s im i la r i t ie s  between European and 

North American zones are discussed.

The most recen t refinem ent on the standard zonation was a modi­

f ic a t io n  o f  the Famennian zones by Sandberg and Z ie g le r  (1 9 7 3 ).

F igure 2 shows the c o rre la t io n s  o f  the Upper Devonian conodont 

zonations fo r  Europe and North America w ith  the conodont zones recognized  

in  the study area .
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STRATIGRAPHY 

M artin  Formation

T e ic h e rt (1965) d iv id ed  the M artin  Formation in to  two members: 

the Beckers B utte Member and the Jerome Member. The Jerome Member was 

fu r th e r  d iv id ed  in to  th ree  in form al "u n its " : the f e t id  dolom ite u n it ,

the ap h a n itic  dolom ite u n it ,  and the upper u n it .  T e ic h e rt  included a 

slope-form ing shale w ith  o ve rly in g  ledge-form ing carbonates w ith in  the  

upper u n it  o f  the M a rtin . Schumacher and others (1976) assigned the  

name Percha Formation to  th is  sequence and th a t  term inology is  fo llow ed  

here. T e ic h e r t 's  upper u n it  ( r e s t r ic te d )  ( r e s t r ic te d  = a f t e r  removal o f  

s tra ta  now assigned to  the Percha Form ation) consists o f  m oderately fo s ­

s i l  ife ro u s  th ic k  and th in  bedded lim estones and dolom ites. F igure 3 

shows the approximate e x te n t o f  T e ic h e rt 's  upper u n it  ( r e s t r ic te d )  be­

tween the o ve rly in g  Percha Formation and the re s t  o f  the M a rtin . I t  was 

th is  p a rt o f  the M artin  Formation th a t  was sampled fo r  conodonts. In  

some p laces , T e ic h e r t 's  upper u n it  ( r e s t r ic te d )  is  d i f f i c u l t  to  d is t in ­

guish from the underlying evenly bedded a p h a n itic  dolom ite u n it .  So, a t  

the prim ary sections o f  th is  study, sampling was begun a t  the f i r s t  

fo s s ili fe ro u s  bed. • The underly ing  u n its  o f  the M artin  Formation were 

sampled a t  Steamboat Mountain and a l l  samples were devoid o f  conodonts. 

The upper u n it  ( r e s t r ic te d )  is  o v e rla in  e i th e r  by the th in  basal sand­

stone beds o f  the Percha o r ,  more commonly, by the s lope-form ing  shale  

member o f  the Percha. Precambrian Troy Q u a rtz ite , the Cambrian Abrigo

11
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Figure 3. Martin Formation, Upper Unit (Restricted) (Dmu) and Percha 
Formation (Dp), Steamboat Mountain.
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Form ation, o r the a p h a n itic  dolom ite u n it  o f  the M a rtin , u n d e rlie  the  

upper u n it  ( r e s t r ic te d )  in  the study area . Fossils  are  r e la t iv e ly  

abundant in  the upper u n it  ( r e s t r ic te d )  w ith  c rin o id s  and brachiopods 

dom inating, and cora ls  lo c a l ly  abundant. Species o f  Hexagonaria, Pachy- 

phyllum , and Atrypa from th is  u n it  were o r ig in a l ly  used to assign a l a t e  

Frasnian age to  the upper M artin  Formation (T e ic h e r t , 1965). For a re ­

view o f  the s t ra t ig ra p h ic  nom enclature, l i th o lo g y , th ickn ess , and area l 

e x te n t o f  the M artin  Form ation, see Pye (1 9 5 9 ), T e ic h e rt  (1 9 6 5 ), Pine 

(1 9 6 8 ), and W right (1 9 6 4 ).

Percha Formation

The Percha Formation consis ts  o f  two in form al members: a s lo p e -  

forming shale member and an o v e rly in g  ledge-form ing  carbonate member 

(Schumacher and o th e rs , 1976 ). Figures 3 and 4 show the s lope-form ing  

topographic expression o f  the Percha Formation between the c l i f f - fo r m in g  

M iss iss ipp ian  Escabrosa Limestone and the M artin  Formation. L o c a lly  the  

basal beds o f  the shale member conta in  a lag  dep osit th a t  consis ts  o f  

coarse sand, q u artz  pebbles, f is h  bones and te e th , phosphatic m a te ria l 

o f unknown o r ig in ,  abundant conodonts, and Gluteus minimus (Davis and 

Semken, 1975) in  a hem atite m a trix  o r weakly cemented by dolom ite.

Where p resen t, these basal beds grade upward in to  the shale  member. The 

shale is  u n fo s s ilife ro u s . Pine (1968) s ta te s  th a t  qu artz  and an i l l i t e -  

l ik e  c la y  are the most common m inerals  in  the sh a le . The shale member 

grades upward in to  th in  bedded calcareous and d o lo m itic  s ilts to n e s  and 

f in a l l y  in to  the more massive lim estones and dolom ites o f  the carbonate  

member. The carbonate member is  re p le te  w ith  fo s s ils  w ith  c r in o id s ,
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Figure 4. Martin (Dm) and Percha (Dp) Formation, Brandenburg Mountain.
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bryozoans, and brachiopods dom inating. A sponge, E n s ife r i te s , p re v i­

ously known only from the M iddle Devonian o f  New York, is  common in  th is  

u n it  (S a lly  Header, personal communication, 1976). A middle to  la te  

Famennian age can be assigned to  these beds based on the presence o f  

the rh yn ch o n e llid  brachiopods Paurorhyncha en d !ic h i (Meek) and £ . 

cooperi Stainbrook (S a rte n a e r, 1967).

The basal lag  deposit o r shale member o f  the Percha disconform - 

ab ly  o v e r lie s  the lim estones and dolom ites o f  the upper u n it  ( r e s t r ic te d )
V

o f  the M artin  a t  a l l  lo c a l i t ie s  except Saddle Mountain (F ig . A .7 ) ,  where 

the Percha o v e rlie s  q u a rtz ite s  o f  the Cambrian Abrigo Formation. The 

Percha is  o v e rla in  disconform ably by the c l i f f - fo r m in g  M iss iss ip p ian  

Escabrosa Limestone. The uppermost beds o f  the carbonate member o f  the  

Percha are fo s s ili fe ro u s  l ig h t -g r a y  lim estones and dolom ites th a t  re ­

semble the basal beds o f  the Escabrosa. A t Saddle Mountain and Steam­

boat Mountain, a th in  sand u n it  is  present a t  the base o f  the Escabrosa 

and the con tact can be f a i r l y  p re c is e ly  placed based on both l i th o lo g ic  

and pa leon to log ic  evidence. A t Holy Joe Peak, a 15 fo o t (4 .5  m) th ic k  

sandstone bed marks the base o f  the Escabrosa. In  the absence o f  th is  

sandstone, the lo c a tio n  o f  the con tac t is  somewhat s u b je c tiv e .

Famennian s tra ta  o f  the Percha Formation are present throughout 

the study area and range to  the north  a t  le a s t  as f a r  as S a lt  R iver  

Canyon (sh a le  member p resen t) and west as f a r  as Roosevelt Dam. The 

shale member o f  the Percha extends to  the south o f  Holy Joe Peak, and 

Famennian s tra ta  have been reported  a t  Peppersauce Wash (Stpyanow, 1936)
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and as f a r  south as Bisbee (E th in g to n , 1965; S ta inbrook, 1947). The 

Percha Formation reaches i t s  maximum thickness o f  over 240 fe e t  (75 m) 

in  the northern G a liu ro  Mountains in  the middle o f  the present study

area .



CONODONT BIOSTRATIGRAPHY 

M artin  Formation

The Lower and Upper Palm ato!epis gigas Zones

In  the present study, two o f  the standard Frasnian conodont zones 

are recognized in  the upper u n it  ( r e s t r ic te d )  o f  the M artin  Formation: 

the Lower and Upper Palm atolepis gigas Zones (F ig . 2 ) .

The Lower P_. gigas Zone is  defined  by the jo in t  occurrence o f  

Palm atolepis g ig as , j \  fo lia c e a , and Ancyrognathus t r ia n g u la r is  (K lapper 

and o th e rs , 1971). This zone is  present a t  the Van W inkle Ranch section  

(F ig . A .4 ) and a t  the Staemboat Mountain section  (F ig . A .6 ) .

The Upper P.. gigas Zone is  defined  by the jo in t  occurrence o f  J \  

gigas and Ancyrognathus asymmetricus before the f i r s t  occurrence o f  

Palm atolepis lin g u ifo rm is  (K lapper and o th e rs , 1971). This zone is  pres­

en t a t  the Van Winkle Ranch s e c tio n , the Steamboat Mountain s e c tio n , and 

the Holy Joe Peak section  (F ig s . A .4 , A .6 , and A .1 1 ). The entrance o f  

£ . lin g u ifo rm is  defines  the Uppermost F\ gigas Zone (K lapper and o th e rs , 

1971). No specimens o f  £ .  l in g u ifo rm is  were found in  th is  study.

P. gigas also  occurs in  the sections a t  Globe H i l ls  and Job Corps 

Camp (F ig s . A .l and A .3 ) ,  but these sections lacked o th er d iag n o stic  

species necessary fo r  more prec ise  assignment.

The sample from Holy Joe Peak (F ig . A .11) th a t  y ie ld e d  an Upper 

P. gigas Zone fauna, is  mixed w ith  an o ld e r  Frasnian fauna because P a l­

ma to le p is  tra n s ita n s  is  present in  abundance. In  a d d it io n , an abundant

17
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Lower O rdovician fauna was found in  th is  sample. Scolopodus, Drepanodus 

and Acontiodus dominated th is  assemblage.

E ig h t M artin  Formation upper u n it  ( r e s t r ic te d )  sections y ie ld e d  

Frasnian conodonts. In  two sections (Van W inkle Ranch and Steamboat 

Mountain, F igs. Z .4  and A .6 ) ,  the Lower and Upper P. gigas Zones could be 

recognized. A t one section  (Holy Joe Peak, F ig . A . l l ) ,  on ly  the Upper 

JP. gigas Zone could be recognized. At fo u r sections (Job Corps Camp,

Globe H i l ls ,  Highway 77, and P inal Creek, F igs. A . l ,  A .2 , A .3 and A .5 ) ,  

the j \  gigas Zone could be recognized. A t Peppersauce Wash (F ig . A .1 0 ) ,  

on ly  a M iddle to  Late Frasnian age could be assigned due to  the absence 

o f  d iag n o s tic  pa lm ato lep ids .

In  h is  study o f  the M a rtin , Ethington (1965) i l lu s t r a te d  a 

specimen o f  Polygnathus asymmetricus oval is  from S u p erio r, A rizona. A l­

though no specimens o f  F\ asymmetricus were found in  th is  study, s t ra ta  

assignable to  o ld e r  Frasnian conodont zones are probably present in  the  

study area . The Polygnathus asymmetricus Zone is  present a t  Superio r  

(E th in g to n , 1 96 5 ), which is  ju s t  to  the west o f  the present study area .

The presence o f  Palm atolepis tra n s ita n s  t ra n s it io n a l to  P. pun cta ta , P. 

proversa, s t r a t ig r a p h ic a l ly  beneath P. gigas also  in d ic a te s  th a t  o ld e r  

Frasnian s t r a ta ,  probably assignable to  the Ancyrognathus t r ia n g u la r is  

Zone, are  present in  the study a re a . One specimen assigned to  A. t r i ­

an g u la ris  was found w ith  gigas a t  the Van W inkle Ranch s e c tio n .

A number o f  form ations in  North America have been assigned to  

the Lower and Upper £ . gigas Zones and th e re fo re  are e q u iv a le n t to the  

upper u n it  ( r e s t r ic te d )  o f  the M artin  in  the study a rea . E q u iva len t un its
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in c lu d e: parts  o f  the P i lo t  Shale and D evils  Gate Limestone o f  Nevada

gnd Utah (C la rk  and E th ington , 196 7 ), p a rt o f  the Sweet!and Creek Shale 

o f Iowa ( M i l le r  and Youngquist, 194 7 ), the lower p a r t  o f  the K e tt le  

P oint Shale o f  O ntario  (W inder, 196 6 ), the Cerro Gordo Member o f  the  

Lime Creek Formation in  Iowa (Anderson, 1966), the Amana beds o f  Iowa 

(Youngquist, 194 5 ), the Independence Shale o f  Iowa (M u lle r  and M u lle r ,  

1957), the Olentangy Shale o f  Ohio (S ta u f fe r ,  1938), p a rt o f  the "Ken­

wood" Shale o f  Wisconsin (Schumacher, 1971), and form ations o f  the  

Cohocton stage o f  New York (Angola Shale Member and West H i l l  Members 

o f the West F a lls  Formation and Nunda Sandstone Member o f  the New M il ­

fo rd  Form ation) (O liv e r  and o th e rs , 1967).

Percha Formation

Three lo c a l conodont zones are  recognized in  the Percha Formation 

in  th is  study. These zones, along w ith  the ranges o f  the d iag n o stic  

species, are shown in  F igure 5. Zones w i l l  be discussed in  ascending 

s tra tig ra p h ic  o rd er.

Palm atolepis d is to r ta  Zone

The l im its  o f  the Palm atolepis d is to r ta  Zone are defined  by the  

range o f  d is to r ta  to ju s t  below the f i r s t  occurrence o f  e i th e r  Palmato­

le p is  rugosa (any subspecies) o r Polygnathus sem icostatus. Associated  

species are Palm atolepis g la b ra , Polylophodonta con fluens, Polylophodonta 

co n cen trica , Palm atolepis p erlobata  and Polygnathus p e rp lexa .

This zone occurs in  the basal lag  dep osit o f  the Percha a t  both 

Highway 77 and Holy Joe Peak (F ig s . A .5 and A .1 1 ).
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The presence o f  Palm atolepis d is to r ta  and Polygnathus perplexa in  

th is  lo c a l zone suggests c o rre la t io n  w ith  the Upper Scaphignathus v e l i f e r  

Zone and the Scaphignathus subserratus-Pelekysgnathus in c lin a tu s  Fauna 

(F ig . 2 ) .  In  Europe, the v e l i f e r  Zone is  defined  on the f i r s t  occur­

rence o f  S. v e l i f e r  (Z ie g le r ,  1971). A conodont fauna in  North America, 

which may be c o rre la te d  w ith  the upper h a lf  o f  the S.. v e l i f e r  Zone, is  

c h a ra c te rized  by the f i r s t  occurrence o f  Scaphignathus subserratus.

Pelekysgnathus in c l in a tu s , Polygnathus p erp lexa , and Polygnathus homoir- 

re g u la r is  and the h ighest occurrence o f  Palm atolepis d is to r ta  and 

Palm atolepis g labra e longata (K lapper and o th e rs , 1971). The eq u iva len t  

fauna in  th is  study is  c h a ra c te rized  by the f i r s t  occurrence o f  Poly­

gnathus perplexa and the only occurrence o f  Palm atolepis d is to r ta  and 

Palm atolepis g la b ra . Conodonts o f  the underly ing Palm atolepis gigas Zone 

were a lso  found admixed w ith  the Famennian conodonts a t  both lo c a l i t ie s .

S tra ta  eq u iv a le n t to  the basal lag  deposit o f  the Percha ( Scaphi- 

gnathus subserratus-Pelekysgnathus in c lin a tu s  Fauna) inc lude the Maple 

M il l  Shale in  southeastern Iowa (Thomas, 1949; B e in e rt, 1 96 8 ), the top  

bed o f  the T r id e n t Member o f  the Three Forks Formation (Sandberg and 

Klapper, 1967) in  southwestern Montana (K lapper and o th e rs , 1971), the  

top o f the Beirdneau Formation in  Utah (K lapper and o th e rs , 1971), p a rt  

o f the Saverton Formation o f  M issouri (C o llin so n .an d  o th e rs , 1 96 7 ), and 

p a rt o f  the Pinyon Peak Limestone in  Utah (C la rk  and E th ing ton , 1967 ).

Palm atolepis rugosa-Polygnathus sem icostatus Zone

The l im its  o f  the Palm atolepis rugosa-Polygnathus sem icostatus  

Zone are defined  by e i th e r  the range o f  P. rugosa (any subspecies) o r
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the range o f  P. sem icostatus before the f i r s t  occurrence o f  Polygnathus 

communis. Associated species are Palm atolepis p e rlo b a ta . Polygnathus 

perp lexa . Polygnathus h o m o irreg u la ris , and Bispathodus s t a b i l i s .

This zone is  present in  the lower and m iddle parts  o f  the c a r­

bonate member o f  the Percha a t  Saddle Mountain, Brandenburg Mountain 1 , 

Brandenburg Mountain 2 , and Steamboat Mountain (F ig s . A .6 , A .7 , A .8 , and

A .9 ) .  A rhynchonellid  brachiopod fauna, in c lu d in g  Paurorhyncha en d !ich i 

and P. c o o p eri, is  associated  w ith  the conodonts o f  th is  zone a t  a l l  fo u r  

sec tio n s . A s in g le  specimen p ro v is io n a lly  assigned to £ .  semicostatus 

was found near the top o f  the Peppersauce Wash sec tion  (F ig . A .1 0 ) .

The conodonts o f  the Palm atolepis rugosa-Polygnathus sem icostatus 

Zone are assigned to  the standard Upper Polygnathus s ty riacu s  Zone. The 

conodonts found in  th is  lo c a l zone include Polygnathus sem icostatus. 

Polygnathus p e rp lexa . Polygnathus h o m o irreg u la ris , Palm atolepis rugosa 

rugosa, Palm atolepis rugosa postera (s trong  lo b e ) , Palm atolepis rugosa 

postera (weak lo b e ) ,  Palm atolepis rugosa postera (no lo b e ) ,  and B ispath­

odus s t a b i l i s .  This l i s t  compares favo rab ly  w ith  the faunal l i s t s  com­

p ile d  by Sandberg and Klapper fo r  both the Upper j \  s ty ria cu s  Zone and 

the lower p a rt o f  the Bispathodus costatus Zone (K lapper and o th e rs , 1971). 

Klapper and others (1971) s ta te  th a t  the d iag n o s tic  c h a ra c te r is t ic  o f  the  

Upper P_. s ty ria cu s  Zone in  North America is  the presence o f  Clydagnathus 

orm iston i and the absence o f  Bispathodus acu leatus and Bispathodus co­

s ta tus  costatus . B. acu leatus and B. costatus costatus are indeed

absent, but so is  C. o rm is to n i.
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The necessary conodont zonal in d ic a to rs  may be found in  fu tu re  

s tu d ie s , but based on Upper P. s ty ria cu s  Zone conodonts found in  the Box 

Member o f  the Percha Shale in  New Mexico (Sandberg, 1976) and brachiopod  

evidence, the carbonate member o f  the Percha Formation ( Palm atolepis  

rugosa-Polygnathus sem icostatus Zone) is  assigned to  the Upper P̂ . s t y r i -  

acus Zone. Rhynchqnellid brachiopods o f  the genus Paurorhyncha have been 

found by Sandberg (1975 , 1976) in  s t r a ta  con ta in ing  JP. s ty ria cu s  Zone 

conodonts throughout the western United S ta tes . Rhynchonel1id  brach io ­

pods o f  th is  genus have a lso  been found by S tainbrook (1947) in  the  

Percha Formation o f  New Mexico and A rizona, by Stoyanow (1936) a t  P inal 

Creek, Peppersauce Wash, and A riv a ip a  Canyon, and by Meader ( n .d .)  in  

the carbonate member o f  the Percha a t  Saddle Mountain, Steamboat Moun­

ta in ,  Brandenburg Mountain 1 , Brandenburg Mountain 2 , and Holy Joe Peak 

sections o f  th is  study. The shale member o f  the Percha is  bracketed be­

tween the upper p a r t  o f  the S. v e l i f e r  Zone and the Upper F\ s ty ria c u s  

Zone.

Upper Polygnathus s ty ria cu s  Zone faunas have been reported  by 

Sandberg (1976) from a v a r ie ty  o f  s tra t ig ra p h ic  u n its  in  the western  

United S ta te s . Equivalents o f  the carbonate member o f  the Percha Forma­

t io n  inc lude: p a r t  o f  the Box Member o f  the Percha Formation in  New

Mexico, the Ouray Limestone in  Colorado, the lower p a r t  o f  the C rysta l 

Pass Limestone Member o f  the Su ltan  Limestone in  southern Nevada, the  

middle p a rt o f  the P i lo t  Shale in  Nevada and Utah, p a rt o f  the Slaven 

Chert in  c e n tra l Nevada, the Mowitza Shale in  Utah, p a r t  o f  the Pinyon 

Peak Limestone in  Utah, the basal beds o f  the Leatham Formation in
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northern Utah, the m iddle p a r t  o f  the Chaffee Group in  Colorado, the  

basal bed o f  the Cottonwood Canyon Member o f  the Madison Limestone in  

Colorado, the lower b lack shales o f  the Sappington Member o f  the Three 

Forks Formation in  Montana, and the lower b lack shale o f  the Exshaw 

Formation in  Montana (Sandberg, 1976).

Polygnathus communis Zone

The Polygnathus communis Zone is  defined  by the f i r s t  occurrence  

o f  £ .  communis to  the f i r s t  occurrence o f  the M iss iss ipp ian  species, 

Siphonodella is o s t ic h a . Associated w ith  F\ communis is  Bispathodus 

s t a b i l is  and Pelekysgnathus.

This zone is  present a t  Brandenburg Mountain 1 and Brandenburg 

Mountain 2 (F ig s . A .8 and A .9) in  the upper p a r t  o f  the carbonate member . 

o f the Percha Form ation. This zone includes a maximum o f 15 fe e t  (4 .5  m) 

o f s t r a ta  and occurs above the rhynchonellid  brachiopod fauna associated  

w ith  the P. rugosa-P. sem icostatus Zone.

The £ .  communis Zone is  probably post Upper JP. s ty ria cu s  Zone 

(p o ss ib ly  B,. costatus Zone ?) because i t  occurs s t r a t i  g ra p h ic a lly  above 

the rhynchonellid  brachiopod fauna and does not inc lude any Upper £ .  

s ty ria cu s  Zone conodonts. Too few index taxa were found fo r  more p rec ise  

assignment.

)



CONODONT BIOFACIES AND PALEOECOLOGY

For alm ost as long as conodonts have been stud ied  i t  has been 

noted th a t  the same species have not been e q u a lly  d is tr ib u te d  in  rocks 

o f the same age. In  the Upper Devonian, Palm ato!epis and Ic riod us  domi­

nated assemblages have been recognized fo r  some tim e . R ecently , more 

and more workers (Seddon, 1970; Seddon and Sweet, 1971; Druce, 1973; 

Sandberg, 1976; Schumacher, 1976) have attem pted to  in v e s tig a te  the geo­

lo g ic  o r eco log ic  fa c to rs  responsib le  fo r  th is  unequal d is t r ib u t io n .  In  

th is  study re c u rrin g  conodont associa tions were observed in  both the  

M artin  and Percha Formations.

M artin  Formation

Seddon (1970) showed th a t  two d is t in c t  conodont b ib fa c ie s  are  

present in  the low er Upper Devonian rocks o f  the Canning Basin o f  Aus­

t r a l i a :  the Palm atolepis b io fa c ie s , confined to  the basinal a re a , and

the Ic riod us  b io fa c ie s  found near re e fs . Most o f  the elements o f  the  

Ic riod us  b io fa c ie s  could be found in  the Palm ato!epis b io fa c ie s , but 

species dominating the Palm atolepis b io fa c ie s  were not present in  the  

Ic riod us  b io fa c ie s . Druce1s (1973) observations in  the Bonaparte G u lf  

Basin o f  northern A u s tra lia  agreed w ith  Seddon's and, in  a d d it io n , Druce 

added a th ir d  b io fa c ie s , the B e lo d e lla  b io fa c ie s , from the very shallow  

w ate r, n e a r -re e f  fa c ie s .

Seddon and Sweet (1971) proposed a general eco log ic  model fo r  

conodonts th a t  suggests they were small p lan kto n ic  an im als, perhaps l ik e

25
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modern chaetognaths, w ith  d i f f e r e n t  species l iv in g  a t  d i f fe r e n t  depths. 

According to  th is  model, conodonts o f  the Po lygnathus-Icriodus b io fa c ie s  

are confined to  a zone near the surface o f the ocean and the P a lm ato lep is - 

Ancyrodella b io fa c ie s  is  confined to  a deeper zone some meters below the  

su rface . This depth-zonation model o f  Seddon and Sweet's (1971) o ffe rs  

a sim ple exp lan ation  th a t  is  co n s is ten t w ith  most o f  the observations o f  

Seddon (1970) and Druce (1 9 7 3 ).

The conodont d is tr ib u t io n  in  the M artin  Formation g e n e ra lly  agrees 

w ith  the depth s t r a t i f ic a t io n  model o f  Seddon and Sweet (1 9 7 1 ). The 

Palm atolepis b io fa c ie s  is  g e n e ra lly  found in  deeper w ater fa c ie s  but the  

d is t r ib u t io n  o f  A ncyrodella seems to  be more r e s tr ic te d  (F ig . 6 ) .  Poly­

gnathus was by f a r  the most abundant p la tfo rm  element found in  th is  study  

as w ell as in  E th ing ton 's  (1965) study. Abundant Polygnathus were found 

both w ith  (Van W inkle Ranch) and w ith o u t (Globe H i l ls  and P inal Creek) 

abundant P a lm ato lep is . This d is t r ib u t io n  is  in  agreement w ith  the Seddon 

and Sweet (1971) model.

One s ig n if ic a n t  d iffe re n c e  between the M artin  faunas found in  

th is  study and o th e r Upper Devonian conodont faunas is  the absence o f  an 

Ic riod us b io fa c ie s . Out o f  more than 3000 conodonts s tu d ied , fewer than  

30 are  Ic r io d u s . As suggested by Schumacher (1 9 7 6 ), th is  would seem to  

in d ic a te  th a t  although Polygnathus (narrow p la tfo rm ) and Ic rio d u s  both 

may have in h ab ited  shallow  w ater they both do not n ec e s s a rily  belong to  

the same b io fa c ie s .
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6. M artin  Formation Conodont D is tr ib u tio n  a t  Van W inkle Ranch.
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Percha Formation

Druce (1973) rep o rts  th ree  b io fa c ie s  in  the Famennian: 1 ) B io­

fa c ie s  I ,  sim ple cones (AcodinaJ, found in  the shallow est fa c ie s , 2) 

B io fac ies  I I ,  Ic r io d u s , Pelekysgnathus, Spathognathodus, and Scaphi- 

‘ gnathus, found in  fa c ie s  in te rp re te d  to represent waters less than 50 

meters in  depth, and 3) B io fac ies  I I I ,  P a lm ato lep is . Polygnathus, and 

Polylophodonta, found in  deep w ater fa c ie s . Sandberg (1975 , 1976) re c -  

nizes f iv e  conodont b io fa c ie s  in  the Upper Polygnathus s ty ria cu s  Zone 

o f western North America: 1) a pa lm ato lep id -b ispathod id  b io fa c ie s  de­

posited  on the co n tin en ta l s lo p e , 2 ) a pa lm ato lep id -po lygn ath id  b io ­

fa c ie s  deposited on the co n tin en ta l s h e lf ,  3) a p o ly g n a th id -ic r io d id  

b io fa c ie s  o f  the o u te r e ra to n ic  p la tfo rm , 4 ) a po lygnath id -pelekysgnath id  

b io fa c ie s  o f  the in n er e ra to n , and 5) a c lydagnath id  b io fa c ie s  deposited  

on o ffsh o re  banks and in  lagoons.

No specimens o f  Acodina o r Clydagnathus were recognized in  th is  

study. Only one specimen o f  Ic r io d u s , one Pelekysgnathus and fo u r B is -  

pathodus were found in  the course o f  th is  study.

In  the study a re a , two b io fa c ie s  can be recognized: a

Polygnathus-n (n = narrow p la tfo rm ) b io fa c ie s  and a P a lm ato lep is - 

Polygnathus-w (w = wide p la tfo rm ) b io fa c ie s . Polygnathus-n includes p r i ­

m a rily  F\ sem icostatus and £ .  communis. Polygnathus-w includes  

polygnathids o f  the £_. nodocostatus group. Figure 7 shows the d is t r ib u ­

tio n  o f  these genera fo r  the Saddle Mountain and Brandenburg Mountain 1 

sec tions.
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The Polygnathus-n b io fa c ie s  is  present wherever conodonts are  

found. This d is t r ib u t io n  agrees w ith  the Seddon and Sweet (1971) depth 

s t r a t i f ic a t io n  model. However, in  the Percha as w e ll as in  the M a rtin , 

n e ith e r  abundant Ic rio d u s  nor Pelekysgnathus were p resen t, in d ic a tin g  

th a t  although Polygnathus may in h a b it  shallow  w ater i t  doesn 't have to  

be associated w ith  Ic rio d u s  o r Pelekysgnathus. N e ith e r Druce (1973) nor 

Sandberg (1975 , 1976) recognize a b io fa c ie s  dominated s o le ly  by narrow  

p la tfo rm  polygnath ids.

The P alm ato!epis-P olygnathus-w b io fa c ie s  is  g e n e ra lly  present in  

environments in te rp re te d  as representing  deeper w ater which f i t s  the  

Seddon and Sweet (1971) model. This b io fa c ie s  compares fa v o ra b ly  w ith  

Sandberg's pa lm ato lep id -po lygn ath id  b io fa c ie s  and w ith  Druce's B io fac ies  

I I I .  Sandberg (1976) found th is  b io fa c ie s  in  shallow  to  m oderately deep 

w ater deposits on the co n tin en ta l s h e lf ,  but recovered most o f  the cono­

donts from lag  dep os its . In  th is  study, the faunas came from mudstones 

and gra instones.

Although not p a r t  o f  th is  study, samples from two o th er lo c a l i ­

t ie s  bear mention here . One reconnaissance sample from a sandstone u n it  

in  the Percha a t  S a lt  R iver Canyon y ie ld e d  a Pelekysgnathus and 

Polygnathus-n dominated fauna. Several w ell washed gra instone samples 

from the Upper Devonian P orta l Formation a t  Blue Mountain in  southeastern  

Arizona y ie ld e d  an Ic rio d u s  and Polygnathus-n dominated fauna. The 

Pelekysgnathus-Polygnathus-n fauna belongs to  Sandberg's p o lygnath id - 

pelekysgnathid  b io fa c ie s  and possib ly  to  Druce's B io fac ies  I I .  The 

Ic rio d u s-P o lyg n ath u s -n fauna belongs to  Sandberg's p o ly g n a th id -ic r io d id

b io fa c ie s  and po ss ib ly  to  Druce's B io fac ies  I I .
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A pparently there  are  a t  le a s t  fo u r d is t in c t  but contemporaneous 

b io fa c ie s  in  Famennian age s tra ta  o f  the Percha and P o rta l Formations o f  

southeastern A rizona. I f  depth s t r a t i f ic a t io n  were a m ajor fa c to r  in  

species d is t r ib u t io n  i t  would seem th a t  we should f in d  Ic rio d u s  and 

Pelekysgnathus in  g re a te r  abundance in  deeper w ater fa c ie s . The presence 

o f Ic riod us  and Pelekysgnathus in  some abundance in  deposits in te rp re te d  

as near-shore fa c ie s  in d ic a te s  th a t  p ro x im ity  to  shore is  an im portant 

fa c to r  in  conodont d is tr ib u t io n  (as suggested by Druce, 1973, and 

Schumacher, 1976).

Conclusions

For both the M artin  and Percha Form ations, the Seddon and Sweet 

(1971) depth s t r a t i f ic a t io n  model g e n e ra lly  holds tru e  w ith  a few excep­

t io n s . In  the M artin  Formation Ancyrodella appears to be re s tr ic te d  by 

o th er fa c to rs  than ju s t  depth. In  both the M artin  and Percha Formations 

an abundance o f  narrow p la tfo rm  Polygnathus w ith  few o r no Ic riod us  would 

in d ic a te  th a t  even i f  these two genera both in h ab ited  shallow  w ater they  

do not n e c e s s a rily  belong to  the same b io fa c ie s . The d is t r ib u t io n  o f  

wide p la tfo rm  polygnathids in  the Percha is  c lo s e ly  t ie d  to the d i s t r i ­

bution  o f  Palm atolepis and both occur in  deeper w ater fa c ie s . The d is ­

t r ib u t io n  o f  Palm atolepis fo r  both the M artin  and Percha g e n e ra lly  f i t s  

the eco log ic  model o f  Seddon and Sweet (1 9 7 1 ).



FRASNIAN-FAMENNIAN BOUNDARY

This study o ffe rs  a unique o p p ortun ity  fo r  the exam ination o f  one 

o f the most in te re s t in g  boundaries in  the geo logic column— the Frasn ian - 

Famennian boundary. This boundary has been discussed in  the past w ith  

emphasis u s u a lly  placed on the vast e x tin c tio n s  which took place a t  th is  

tim e . McLaren (1970) suggested th a t  a catastrophe caused the Frasn ian - 

Famennian e x tin c tio n s  and observed th a t  conodonts, ammonoids, f is h ,  

p la n ts , and many molluscs pass through the Frasnian-Famennian boundary 

u n a ffec ted . Johnson (1974) suggested th a t  r e la t iv e ly  rap id  regressions  

a f t e r  prolonged periods o f  submergence caused the e x tin c tio n s  a t  the  

end o f  the O rdovic ian , F rasn ian , and Permian. However, Johnson observes 

th a t  in  many places in  the western United S ta te s , a Frasnian-Famennian  

unconformity is  not obvious. In  the midwestern United S ta te s , s t r a ta  o f  

e a r ly  Frasnian to  Kinderhookian age are present w ith o u t an apparent 

break (Ham and W ilson, 1967 ). The documentation o f  widespread Famennian 

s tra ta  (o f  the Percha Form ation), in  most cases d ir e c t ly  o v e rly in g  la te  

Frasnian s tra ta  (o f  the M artin  Form ation), perm its the exam ination o f  

the Frasnian-Famennian boundary in  the study area .

In  southern A rizo n a , the Frasnian-Famennian boundary is  c le a r ly  

an unconform ity. The best place to  examine the unconform ity is  the sec­

t io n  a t  Highway 77 (F ig s . 8 and 9 ) .  The top o f  the M artin  here is  a lag  

deposit co n s is tin g  o f  a 3 -4  fo o t (1 -1 .2  m) sequence o f  th in ly  bedded 

d o lo m itic  s ilts to n e  and sandstone w ith  minor shale in te rb ed s . F igure 9 

shows the massive y e llo w  dolom ite o v e rla in  by the th in  bedded lag  d ep o s it.

32



Dm -  Martin Fm. 

Dp -  Percha Fm. 

Ca -  Abel go Fm.

f t .  m .

FAMENNIAN

F8, Hernom# CrutfCfuttHamaftta Crutf

LOrd. cooodonte

FRASNIAN
Inart.

- I
HOLY JOE PEAK BRANDENBURG

MOUNTAIN
SADDLE MOUNTAIN STEAMBOAT

MOUNTAIN

Residual Chert
Ouorlf Pebbles

HC -"Horsecollors'1 Atrypq
FRASNIAN

FB -  Fish bones
Oolitic

Inert -  Incrtlculote 
Brochiopode

Orach- Brochiopode

VAN WINKLEHIGHWAY 7 7 JOB CORPS CAMP PINAL CREEK
RANCH

Figure 8 . Frasnian-Famennian Boundary a t  Ten S ections.
WW



Figure 9. Basal Beds o f Percha Formation, Highway 77.
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The lag  deposit contains a mixed conodont fauna w ith  Palm atolepis gigas 

Zone conodonts (F rasn ian)'adm ixed  w ith  abundant conodonts c h a ra c te r is t ic  

o f the upper p a r t  o f  the Scaphignathus v e l i f e r  Zone o r  the Scaphignathus 

subserratus-Pelekvsgnathus in c lin e tu s  Fauna (Fam ennian— see discussion  

o f P. d is to r ta  Zone, p. 1 9 ) .  These beds a lso  contain  abundant f is h  

bones and te e th , phosphatic p e lle ts  (p o ss ib ly  some fe ca l p e l le t s ) ,  the  

phosphatic fo s s il Gluteus minimus (discussed elsewhere in  th is  th e s is ) ,  

abraded specimens o f  Atrypa and C oenites, arthropod t r a i l s ,  res idua l 

c h e rt , and sand to  pebble s ized  quartz  g ra in s . A ll elements in  th is  u n it  

show evidence o f  rew orking, s o r t in g , and winnowing. Many conodonts are  

h ig h ly  abraded o r broken. The best preserved conodonts are la rg e  robust 

forms. One palm ato lep id  is  4mm long and much o f  the p o s te r io r  t ip  is  

m issing. I  b e lieve  th is  d ep o s it to  be a concentrated tran sg ress ive  lag  

s im ila r  to those described by Twenhofel (1 9 3 6 ), McGugan (1 9 6 5 ), Sandberg 

and Klapper (1 9 6 7 ), and Sandberg (1 9 6 9 ). Concentrated lag  deposits are  

ch a ra c te rized  by basal conglom erates, basal b lack sh a les , con cretions , 

res idual c h e rt , g la u c o n ite , phosphatic p e lle ts  or nodules, manganiferous 

zones, p y r it ife ro u s  zones, iro n  ox ides , f is h  bones and te e th , and fo s s ils  

from d i f fe r e n t  b io s t r a t i  graphic zones (McGugan, 196 5 ). The Highway 77 

lag  deposit has many o f  these fea tu res  and c le a r ly  represents a tim e o f  

very slow sediment accum ulation during a Famennian transgression  over a 

m ostly M artin  (F rasn ian ) su rface .

A t Holy Joe Peak and Brandenberg Mountain 1 and 2 (F ig . 8 ) ,  a 

1-4  inch (2 -1 0  cm) hem atite  "c ru s t"  or "pavement" (F ig . 10) is  present a t  

the same s t ra t ig ra p h ic  horizon as the Highway 77 lag  d ep o s it. Abundant



Figure 10. Basal Beds of Percha Formation, Brandenburg Mountain.
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f is h  bones and te e th , qu artz  granules and pebbles, sand lenses , ra re  

ex te rn a l molds o f  Gluteus minimus, and conodonts in  the hem atite sug­

gest th a t  th is  u n it  a lso  represents a time o f  very slow sediment ac­

cum ulation. This pavement is  included w ith in  the basal beds o f  the  

Percha, and based on d is to r ta ,  Polylophodonta, and Gluteus minimus 

found a t  Holy Joe Peak, is  the same age as the Highway 77 la g . The top  

o f  the M artin  a t  Holy Joe Peak is  a sandy, f is h  bone-rich  dolom ite  

u n it  d ir e c t ly  beneath the hem atite pavement. F ive conodont samples 

were taken a t  Holy Joe Peak: one from the f is h  bone bed 6 inches (15

cm) below the hem atite pavement; one from a c h a n n e l-lik e  deposit about 

1 fo o t (30 cm. below the hem atite ; and th ree  low er in  the dolom ite u n it  

(F ig . A . l l ) .  The .hem atite  pavement was examined fo r  conodonts in  the  

f ie ld .  The f is h  bone bed y ie ld e d  abundant conodonts o f  both Late Fras- 

nian (Upper Palm atolepis gigas Zone) and E a rly  O rdovician age. This bed 

may represent a regress ive  lag  which was not eroded away during the  

hiatus separating  the M artin  and Percha. The bed contains a mixed cono­

dont fauna from a t  le a s t  one O rdovician Zone and from a t  le a s t  two Upper 

Devonian Zones (F \ gigas and probably Ancyrognathus t r ia n g u la r is , see 

discussion on M artin  conodont zones, p. 1 7 ) . The channel deposit y ie ld e d  

a sparse mixed Devonian and O rdovician conodont fauna. The th ree  samp­

les  low er in  the section  were devoid o f  conodonts but the sample 31 fe e t  

(9 .5  m) below the hem atite y ie ld e d  f is h  bone fragm ents. K rieg er (1968a) 

mapped these dolom ite beds as p a r t  o f  the "Upper (brown sandy) Member" 

o f  the Cambrian Abrigo Form ation. Based on conodonts, f is h  bones, and 

gross l i th o lo g y , these beds are now assigned to  the Devonian M artin  

Form ation.
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A t Saddle M ountain, Frasnian s tra ta  are absent (F ig . 8 ) .  A t 

Steamboat Mountain, the boundary is  placed a t  the base o f  the shale  

member o f  the Percha. A t P inal Creek and Globe H i l ls  (n o t f ig u re d ) ,  

the shale u n it  o f  the Percha o v e rlie s  Atrypa and /o r Palm atolepis g igas- 

bearing carbonates o f  the M artin  Form ation.

At the Van W inkle Ranch and Job Corps Camp s ec tio n s , the shale  

member o f  the Percha o v e rlie s  an o o l i t i c  hem atite u n it .  At Van W inkle 

Ranch, the o o l i t i c  hem atite o v e rlie s  a ye llo w  cora l-s tro m ato p erio d  

dolom ite which contains £ .  gigas Zone conodonts, C oenites, Pachyphyllum, 

and Hexagonaria. The co ra ls  appear to  represen t a small patch r e e f .

I t  is  tem pting to  c o rre la te  the o o l i t i c  hem atite w ith  the hem atite  

pavement located  to  the south, bu t, since hem atite o o lite s  are found 

mixed w ith  fo s s il  debris  in  underly ing  beds and some fo s s ils  from under­

ly in g  beds are  replaced by h em atite , the o o l i t i c  bed appears to  be more 

c lo s e ly  associated w ith  the M artin  than the o v e rly in g  shale member o f  

the Percha. Thus, the Frasnian-Famennian boundary is  placed a t  the  

top o f  the o o l i t i c  hem atite .

The o o lite s  probably formed in  t id a l  bores between o r among 

patch ree fs  in  shallow  w ater (N ew e ll. Purdy and Im b rie , 1960). The fo r ­

mation o f  the hem atite o o lite s  is  a complex problem in  i t s e l f  and w i l l  

not be discussed here .

In  summary, the evidence suggests th a t  before  the end o f  f \  

gigas tim e the sea regressed from the study a rea , probably to  the e a s t. 

A fte r  the reg ress io n , erosion took place during Palm atolepis t r ia n g u la r is  

through Scaphignathus v e l i f e r  tim e o r a t  le a s t  through Palm atolepis
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m arg in ife ra  tim e . Then a Percha transgression  began over an o ld e r ,  

m ostly M artin  surface o f  f a i r l y  low topographic r e l i e f .  The Highway 77 

lag  and the hem atite pavement were deposited a t  th is  tim e . The seas 

regressed to  the eas t o r southeast during the Frasnian and advanced 

again from the eas t o r  southeast to  the west o r northwest during the  

Famennian.

I  fe e l th a t  the Frasnian-Famennian boundary beds in  the study 

area show the reg ress io n -tran sg ress io n  which Johnson (1971 , 1974) d is ­

cussed. The regression was probably rap id  because j \  gigas Zone s tra ta  

un d erlies  the Percha Formation a t  a l l  sections except one (Saddle Moun­

t a in ) .  The regression may have been fa s t  enough to  cause la rg e -s c a le  

e x tin c tio n s .



GLUTEUS MINIMUS (Davis and Semken, 1975)

Specimens o f  the enigm atic phosphatic f o s s i l , Gluteus minimus 

(Davis and Semken, 1 97 5 ), c o l lo q u ia lly  known as "horse c o l la r s " ,  were 

found in  the basal beds o f  the Percha Formation along Highway 77 (F ig .

A .5 ) .  External molds o f  th is  fo s s il  were a lso  found a t  Brandenburg 

Mountain 2 and Holy Joe Peak (F ig s . A .l and A . l l )  a t  the same s t r a t i ­

graphic horizon in  the hem atite c ru s t.

This fo s s il  o f  unknown b io lo g ic a l a f f i n i t i e s  was re c e n tly  de­

scribed  by Davis and Semken (1 9 7 5 ), and the Arizona occurrence docu­

mented here is  the on ly  re p o rt o f  th is  fo s s il  ou ts ide Iowa (R. D avis , 

personal communication, 197 5 ). Twelve complete and hundred o f broken 

fragments o f  "horse c o lla rs "  have been examined. A ll specimens are  

asym m etrical, b ilo b a te , and co n s is t o f  a smooth side and a s ide  d is ­

p lay ing  con cen tric  growth r in g s . A ll appear to  be phosphatic, although  

some appear to  be in  the process o f  being rep laced by an unknown sub­

stance. Most are broken and /o r abraded and show signs o f  having been 

transported  and so rted . A ll specimens g e n e ra lly  resemble the holotype  

o f Gluteus minimus, but are s m a lle r. One la rg e r  fragment- more c lo s e ly  

resembles the holotype than any o f  the sm a lle r complete specimens.

The Iowa occurrence o f  "horse c o lla rs "  is  in  the Upper Devonian 

Maple M il l  Shale. B e in e rt (1968) notes th a t  the conodonts in  the Maple 

M il l  are reworked and the assemblage is  a mixed one in c lu d in g  specimens 

from s ix  conodont zones (P alm ato lep is  t r ia n g u la r is  Zone to  Polygnathus
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s ty ria cu s  Zone). However, Klapper ( in  Davis and Semken, 1975) be lieves  

th a t  the Maple M il l  Shale belongs in  the upper h a l f  o f  the Scaphignathus 

v e l i f e r  Zone and th a t  the reworking is  less than one conodont zone in  

le n g th . I t  is  in te re s t in g  th a t  the Maple M i l l  Shale is  o f  the same age 

and is  a lso  a concentrated deposit s im ila r  to  the beds from which 

Gluteus minimus is  obtained in  A rizona.

I f  one combines the ranges o f  the conodonts associated w ith  

"horse c o lla rs "  from the Iowa and Arizona lo c a l i t ie s ,  we f in d  th a t  they  

could range from the Palm atolepis gigas Zone to  the Polygnathus s t y r i ­

acus Zone. I  fe e l th a t  i t  is  u n lik e ly  th a t  "horse c o lla rs "  l iv e d  dur­

ing P_. gigas o r £ .  t r ia n g u la r is  tim e because no "horse c o lla rs "  have 

been reported  in  the w e ll preserved faunas o f  these zones throughout 

the Midwest. None were found in  the P. gigas Zone faunas o f  th is  study. 

A lso , Sandberg has not reported  "horse c o lla rs "  associated w ith  the  

widespread P. s ty ria c u s  Zone, conodont faunas in  the western United  

S ta tes . I t  is  th e re fo re  suggested th a t  G luteus minimus is  a Famennian 

fo s s il th a t  probably l iv e d  during the Scaphignathus v e l i f e r  Zone.

No attem pt is  made here to  d iscern the b io lo g ic a l a f f i n i t i e s  o f  

Gluteus minimus, and d e ta ile d  morphologic and com positional an a lys is  o f  

the Arizona forms o f  th is  fo s s il  are l e f t  fo r  fu tu re  s tu d ie s .



CONCLUSIONS

1. The age o f  T e ic h e r t 's  (1965) upper u n it  ( r e s t r ic te d )  o f  the  

M artin  Formation in  the study area is  M iddle to  Late Frasn ian . 

The age o f  the Percha Formation in  the study area is  Late  

Famennian.

2. Two conodont zones are recognizable in  the upper u n it  ( r e ­

s t r ic te d )  o f  the M artin  Formation: the Lower and Upper Palmato-

le p is  gigas Zones. Three lo ca l conodont zones are recognizab le  

in  the Percha Formation: the Palm atolepis d is to r ta  Zone, the

Palm atolepis rugosa-Polygnathus sem icostatus Zone, and the  

Polygnathus communis Zone. The JP. d is to r ta  Zone can be c o rre ­

la te d  w ith  the upper p a rt o f  the standard Scaphignathus v e l i f e r  

Zone o r the Pelekysgnathus inc linatus-S caph ignathus subserratus  

Fauna. The P. rugosa-P. semicostatus Zone can be c o rre la te d  

w ith  the standard Upper Polygnathus s ty ria cu s  Zone. The P_. 

communis Zone is  probably post P_. s ty ria c u s  Zone.

3 . Widespread Famennian s t r a ta  are documented fo r  the f i r s t  tim e  

in  A rizona. Famennian age s t r a ta  extend from a t  le a s t  S a lt  

R iver Canyon on the north  to Bisbee on the south and Roosevelt 

Dam on the west to  the C lifto n -M o re n c i area on the e a s t.

4 . The d is t r ib u t io n  o f  Palm atolepis and Polygnathus in  both the  

M artin  and Percha Formations g e n e ra lly  f i t s  the depth s t r a t i f i ­

ca tio n  model o f  Seddon and Sweet (1 9 7 1 ). The d is tr ib u t io n  o f
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Ancyrodel1 a does n o t. An Ic riod us  b io fa c ie s  was not found 

in  e i th e r  the M artin  o r  the Percha Formation. The ubiquitous  

d is t r ib u t io n  o f  Polygnathus (narrow p la tfo rm ) in  both the  

M artin  and Percha in d ic a te s  th a t  although Polygnathus may have 

in h ab ite d  shallow  w a te r, i t  is  not n e c essa rily  p a r t  o f  the  

Ic rio d u s  b io fa c ie s .

5. A h ia tus  spanning as many as tw elve o f  the standard conodont 

zones separates the Frasnian (M a rtin  F o m atio n ) and the Famen- 

nian (Percha Formation) in  southern A rizona.

6 . The phosphatic m ic ro fo s s il, Gluteus minimus, is  present in  the  

basal beds o f  the Percha Formation. This is  the f i r s t  re p o rt  

o f th is  fo s s il  ou ts ide  Iowa.



SYSTEMATIC PALEONTOLOGY

Two methods o f  conodont taxonomy are  in  use today. Form species  

taxonomy, based on the morphology o f  in d iv id u a l elem ents, was estab­

lis h e d  by Pander (1 8 5 6 ). M u ltie lem ent taxonomy, based on n a tu ra lly  oc­

cu rrin g  assemblages, was es tab lish ed  by Hinde (1 8 7 9 ). U n til re c e n tly ,  

most conodont workers have used the form species taxonomy. However, 

w ith  more complete study, m u ltie lem ent taxonomy has gained wide accep­

tance. Consequently, a dual nomenclature now e x is ts  fo r  conodont ta x ­

onom y-form  species and m u ltie lem ent. The generic concept in  conodont 

taxonomy has re c e n tly  been discussed by Sweet and Bergstrom (1 9 7 0 ), and 

Huddle (1 9 7 2 ).

Although Devonian m u ltie lem ent taxa have been es tab lish ed  

(K lapper and P h i l l ip ,  1971, 1972), most Devonian conodont workers have 

used form species taxonomy. The standard Devonian conodont zones are  

based on form species not m u ltie lem ent taxa . The conodont faunas re ­

covered in  th is  study were o f  r e la t iv e ly  low abundance and d iv e r s ity  

and d id  not lend themselves to  the use o f  m ultie lem ent taxonomy. There­

fo re , I  have chosen to  use form species taxonomy.

Since most o f  the bar and blade taxa in  the Upper Devonian have 

l i t t l e  b io s t r a t i  graphic value and are seldom i l lu s t r a te d  in  p u b lic a tio n s , 

only the p la tfo rm  species are described in  th is  study. The genera are  

l is t e d  a lp h a b e tic a lly  and the synonymies are l im ite d  to the o r ig in a l  

c i ta t io n ,  the most recen t re fe ren ce  w ith  a complete synonymy, and any
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new a d d itio n s . D escrip tions o f  b e t te r  known species are  ab b rev ia ted . 

The to ta l  number o f  specimens stud ied  is  l is te d  under " m a te r ia l" . The 

s tra t ig ra p h ic  d is t r ib u t io n  o f  im portant species is  shown in  Appendix A. 

Figured specimens are  rep o s ited  in  the Paleontology c o lle c t io n  o f  the  

Department o f  Geosciences, The U n iv e rs ity  o f  A rizona, numbers UA 52900-

52994.



Figure n .  A n cyrodella , Ancyrognathus, Ic r io d u s .

A ll  specimens from the M artin  Formation except nos. 8 -9  which are from  
the Percha Form ation.

1 -3 — Ancyrodella buckeyensis S ta u ffe r :  1 , ob lique view o f
UA52900, x 37; 2 , top view o f  UA52901 , x 36; 3 , ob lique  
view o f  UA52902, x 36.

4 -7 — Ancyrodel 1 a curvata (Branson and M ehl): 4 , top view o f
UA52903, x 36; 5 , top view o f  UA52904, x 35; 6 .7 ,  aboral 
views o f  UA52903 and UA52905 re s p e c tiv e ly , x 28.

8— Ancyrodella sp .: 8 , aboral view o f  UA52906, x 35.

9-12— Ancyrognathus asymmetricus (U lr ic h  and G ass ier): 9 , top
view o f  UA52907, x 35; 10, top view o f  UA52908, x 45; 11, 
top view o f  UA52909, x 45; 12, top view o f  UA52910, x 46.

13 ,17— Ancyrognathus t r ia n g u la r is  Youngquist: 13, top view o f  
UA52911, x 45; 17, c lose-up o f  UA52911, x 600.

14 -16 , 18 ,19— Icriod us  a lte rn a tu s  Branson and Mehl: 14, top view
o f UA52912, x 44; 15, top view o f  UA52913, x 44; 16, top  
view o f  UA52914; 18, top view o f  UA52915, x 172; 19, aboral 
view o f  UA52915, x 172.

20— Icriod us  symmetricus Branson and Mehl: 20, top view o f
UA52916, x 46.
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Figure 11. Ancyrodella, Ancyroqnathus. Icriodus.
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Genus Ancyrodella U lr ic h  and B ass ler, 1926 
Type species: A. nodosa U lr ic h  and B assler, 1926

A ncyrodella buckeyensis S ta u f fe r ,  1938 
F ig . 11» nos. 1 -3

Ancyrodella buckeyensis S ta u ffe r ,  1938, p. 418, P I.  52, F igs. .17, 19 
23; 24. . ---------------

A ncyrodella buckeyensis S ta u f fe r ,  E th ing ton , 1965, p. 570, P I.  68,
F ig . 3 . -------------------

A ncyrodella buckeyensis S ta u ffe r ,  Szulczew ski, 1971, p. 11, P I. 2 ,
F ig . 1. ---------------------

D iag n o s is .— A species o f  A ncyrodella w ith  a f a i r l y  sho rt t r i ­

angular p la tfo rm . The p la tfo rm  is  ornamented w ith  nodes and ridges  

which run perpend icu la r to the edges o f  the p la tfo rm . The p o s te r io r  

t ip  is  po in ted .

Remarks.— A. buckeyensis specimens found in  th is  study d isp layed  

a wide range o f  v a r ia b i l i t y  from ju v e n ile  specimens ornamented on ly  by 

nodes to  mature specimens ornamented by nodes and r id g e s . On mature 

specimens ornam entation is  reduced to  more randomly o rien ted  nodes w ith  

r ib s  normal to  p la tfo rm  edges on ly p a r t ly  re ta in e d .

Occurrence. — Z ie g le r  (1971) records A. buckeyensis from the  

M iddle P. asymmetricus Zone to  the lower p a rt o f  the Upper P_. gigas  

Zone. In  n\y study, A. buckeyensis was found in  the M artin  Formation 

a t  P inal Creek, Job Corps Camp, Van W inkle Ranch, Steamboat Mountain, 

and Holy Joe Peak.

M a te r ia l . — 28 specimens.

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

A ncyrodella  curvata  (Branson and M ehl) ,  1934 
F ig . 11, • nos. 4 -7

Ancyrognathus curvata  Branson and Mehl, 1934, p. 241, P I.  19, F igs . 6 , 
11. ■
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A ncyrodella cu rata  (Branson and M eh l), G le n is te r  and K lapper, 1966,
p. 798, P I. 86 , F igs. 13 -15 . ----------------------------------------

A ncyrodella curvata  (Branson and M eh l), Schumacher, 1971, p. 100,
P I. 12, F igs. 4 -6 . -------------------

A ncyrodella curvata  (Branson and M eh l), Szu lczew ski, 1971, p. 11,
P i. 3 , F ig . 5; P i t .  4 , F igs . 4 -5 . ---------------------

D iagn os is .— In  th is  species o f  A ncyrodella a s tro n g ly  pro­

nounced p o s te ro la te ra l lo b e , in  a d d itio n  to  the normal number o f  lo b es , 

has developed. This lobe bears a d is t in c t  secondary ca rin a  and k e e l.

Occurrence. — Z ie g !e r  (1971) records the range o f  A. curvata  

from the base o f  the Upper P. asymmetricus Zone to  the top o f  the Lower 

P. t r ia n g u la r is  Zone. In  my study, A. cu rvata  was present in  the M artin  

Formation a t  Globe H i l l s ,  Van W inkle Ranch, and Holy Joe Peak.

M a te r ia l .— 29 specimens.

Figured Specimens.— UA52903-UA52905 (hypotypes).

Ancyrodella sp.
F ig . 1 1 ,. no. 8

Remarks.— Aboral view o f  an A ncyrodella which could be one o f  

several species. This specimen was found in  the basal beds o f  the  

Percha Formation a t  Highway 77 w ith  a Palm atolepis d is to r ta  dominated 

fauna. I t  was probably reworked from the beds o f  the underly ing  

M artin  Form ation.

M a te r ia l .— ! specimen.

Figured Specimen.— UA52906.

Genus Ancyrognathus Branson and Mehl, 1934 
Type species: Anc.yromiciUiua synmielriLa Brcmsun and Mehl, 1934

Ancyrognathus asymmetricus (U lr ic h  and B a s s le r), 1926 
F ig . 11, nos. 9-12
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Palm atolepis asymmetrica U lr ic h  and G assier, 1926, p. 50 , P I. 7 ,
F ig . 1 8 .. ----------------------------------

Ancyrognathus asymmetricus fU lr ic h  and B a s s le r ), G le n is te r  and K lapper,
1966, p. 801, P I.  87 , F igs. 1 -5 . ----------------------------------------

Ancyrognathus asymmetricus (U lr ic h  and B a s s le r), Szu lczew ski, 1971, 
p. 18, P I. 6 , F igs . 6 -7 .

D iagn os is .— A n e a rly  symmetrical species o f  Ancyrognathus.

Outer and in n er margins o f  p la tfo rm  are norm ally concave to  s t ra ig h t  o r  

ra re ly  s l ig h t ly  convex. Carina and secondary ca rin a  are norm ally d is ­

t in c t  p o s te r io r  o f  t h e i r  ju n c tio n .

O ccurrence.— Z ie g le r  (1971) records A. asymmetricus on ly on the  

Upper and Uppermost P. gigas Zones. Klapper and others  (1971) f in d  A. 

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

was found in  the M artin  Formation a t  Van W inkle Ranch, Highway 77 ,

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

was found in  the basal lag  deposit o f  the Percha Formation a t  Highway 

77.

M a te r ia l .— 9 specimens.

Figured Specimens.— UA52907-UA52910 (hypotypes).

Ancyrognathus t r ia n g u la r is  Youngguist, 1945 
FTg. 11, no. 13, 17

Ancyrognathus i r r e g u la r is  Branson and Mehl, 1934, p. 242, P I. 19, F igs. 
1 , 2 , 10 (non p i .  19, F igs . 4 , 1 6 ) . .

Ancyrognathus t r ia n g u la r is  Youngguist, 1945, p. 356-357 , P I.  54 , F ig . 7 . 
Ancyrognathus t r ia n g u la r is  Youngguist. G le n is te r  and K lapper, 1966, 

p. 802, P I.  87 , F igs. 10, 13. _ .
Ancyrognathus t r i a n g u la ris  Youngguist, Mound, 1968, p. 471 -472 , P I.  65,

F igs. .1 9 -2 2 . . . .  ----------
Ancyrognathus t r ia n g u la r is  Youngguist. Szu lczew ski, 1971, p. 1 9 -2 0 ,

P I. 6 , F igs . 3 -5 .
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D iag n o s is .— A g e n e ra lly  t r ia n g u la r  species o f  Ancyrognathus 

having a r e la t iv e ly  low blade which dim inishes in  he igh t toward the  

p o s te r io r  end. P la tfo rm  in n e r and o u te r edges are more o r less s t r a ig h t  

o r concave. The angle which is  formed between the main keel on the  

outer (p o s te r io r )  lobe and the  secondary keel on the in n e r la te r a l  lobe  

is  90 degrees o r more.

Occurrence. - - Z ie g le r  (1971) records the range o f  A. t r ia n g u la r is  

from the base o f  the A. t r ia n g u la r is  Zone to  the low est p a r t  o f  the  

Upper P. gigas Zone. Klapper and others (1971) f in d  A. t r ia n g u la r is  in  

the A. t r ia n g u la r is  Zone and in  the Lower P_. gigas Zone. In  my study, a 

s in g le  specimen assigned to A. t r ia n g u la r is  was found a t  Van W inkle  

Ranch in  the M artin  Form ation.

M a te ria l . — 1 specimen.

Figured Specimen.— UA52911 (hypotype).

Genus Ic rio d u s  Branson and Mehl, 1938 
Type species: Ic rio d u s  expansus Branson and M ehl, 1938

Icrio d u s  a lte rn a tu s  Branson and M ehl, 1934 
F ig . 11, nos. 14 -16 , 18, 19

Icrio d u s  a lte rn a tu s  Branson and M ehl, 1934, p. 225-226 , P I.  13 , F igs. 
4 -6 . -------------------------------

Ic rio d u s  a lte rn a tu s  Branson and M ehl, Mound, 1968, p. 486-487, P I. 66, 
F igs. .13, 15, 1 9 , .2 4 .

Ic riod us  a lte rn a tu s  Branson and M ehl, Szulczew ski, 1971, p. 21 , P I.  7 , 
F ig . 2 .

D iag n o s is .— A species o f  Ic rio d u s  where the d e n tic le s  o f  the  

o u ter row a lte rn a te  w ith  the d e n tic le s  o f  the middle row. The m iddle  

row o f  d e n tic le s  continues p o s te r io r ly  beyond the o u te r rows fo r  one 

o r two te e th .
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Occurrence. — Z ie g le r  (1962) records L  a lte rn a te s  from the A. 

t r ia n g u la r is  Zone to  the Upper JP. m arg in ife ra  Zone. Ethington (1965) 

found L  a lte rn a tu s  common a t  P inal Creek, but in  my study L  a lte rn a tu s  

was absent a t  P inal Creek and ra re  elsew here. L  a lte rn a tu s  was found 

in  the M artin  Formation a t  Van W inkle Ranch, Highway 77, Steamboat 

Mountain, and Globe H i l ls .  One specimen o f  L  a lte rn a tu s  was found in  

the basal beds o f  the Percha Formation a t  Highway 77.

M a te ria l . — 21 specimens.

Figured Specimens. — UA52912-UA52915 (hypotypes).

Ic rio d u s  symmetricus Branson and Mehl, 1934 
F ig . 11, no. 20

Icrio d u s  symmetricus Branson and Mehl, 1934, p. 226, P I. 13 , F igs. 1 -3 .  
Ic rio d u s  symmetricus branson and M ehl, G le n is te r  and K lapper, 1966, 

p. 805 , P I.  95, F igs. 4 ,5 .
Ic riod us  symmetricus Branson and Mehl, Szu lczew ski, 1971, p. 23, P I.  7 , 

F igs . 4 ,5 .

D iagn os is .— A s lender ic r io d id  w ith  th ree  rows, o f  d is c re te ,  

re g u la r ly  rounded d e n tic le s  w ith  the d e n tic le s  o f  the m iddle row lo ­

cated ju s t  opposite o r s l ig h t ly  a n te r io r  o f  those in  the s ide rows.

O ccurrence.— Z ie g le r  (1958) records L  symmetricus from the  

Lower £ .  Asymmetricus Zone to  the Upper £ .  gigas Zone. In  th is  s tudy, 

a s in g le  specimen was found a t  Steamboat Mountain and several specimens 

were found a t  Holy Joe Peak in  the M artin  Formation.

M a te r ia l .— 8 specimens.

Figured Specimen.— UA52916 (hypotype).
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Genus Palm ate!epis U lr ic h  and B ass ler, 1926 
Type species: Palm ato!epis perlobata  U lr ic h  and B ass ler, 1926

Palm atolepis fo lia c e a  Youngquist, 1945 
F ig . 12, no. 1

Palm atolepis fo lia c e u s  Youngquist, 1945, p. 364-365, P I. 56, F igs.
11, 12.

Palm atolepis fo lia c e a  Youngquist, G le n is te r  and K lapper, 1966, p. 810. 
Palm atolepis fo lia c e a  Youngquist, Schumacher, 1971, p . .147, P I. 14,

F ig . 16.

D iag n o s is .— A small narrow species o f  Palm atolepis w ith  l i t t l e  

ornam entation and w ith  an in n e r la te r a l  lobe th a t  is  e i th e r  very weakly  

developed o r absent.

O ccurrence.— The range o f  P. fo lia c e a  is  recorded by Z ie g le r  

(1971) from the h igher p a r t  o f  the A. t r ia n g u la r is  Zone to  the top o f  

the Lower P. gjgas Zone. In  North America, Klapper and others (1971) 

f in d  P. fo lia c e a  in  the A. t r ia n g u la r is  and the Lower P. gigas Zones.

In  my study, j \  fo lia c e a  was found in  the M artin  Formation a t  Van W inkle  

Ranch and Steamboat Mountain.

M a te r ia l . — 25 specimens.

Figured Specimens.— UA52917 (hypotype).

Palm atolepis subrecta M i l le r  and Youngquist, 1947 
F ig . 12, nos. 2 -6

Palm atolepis subrecta n. s p ..  M i l le r  and Youngquist, 1947, p. 513, P I. 
75, F igs. 7 -1 1 .

Palm atolepis subrecta M i l le r  and Youngquist, Anderson, 1966, p. 409,
P I. 49 , F igs. .11-15, 17, 19. ---------------

Palm atolepis subrecta M i l le r  and Youngquist, G le n is te r  and K lapper,
1966, p. 823-824 , P I.  88 , F igs . 1 -3 .

Palm atolepis subrecta M i l le r  and Youngquist, Szu lczew ski, 1971, p. 41 , 
P I. 10 , F igs. 8 -9 ; P I.  12, F igs. 4 -8 .



Figure 12. Pa lm ato lep is .

A ll specimens from the M artin  Formation except 7 , 16 and 17-21 which 
are from the Percha Formation.

1— Palm atolepis fo lia c e a  Youngguist: 1 , top view o f  UA52917,
x 25.

2 -6 — Palm atolepis subrecta M i l le r  and Youngquist: 2 , top view o f
UA52918, x 30; 3 , top view o f  UA52919, x 30; 4 , top view o f
UA52920, x 30; 5 , aboral view o f  UA52921, x 30; 6 , top view
o f  UA52922, x 30.

7—  Palm atolepis punctata (H inde): 7 , top view o f  UA52923, x 35.

8—  Palm atolepis proversa Z ie g le r :  8 , top view o f  UA52924, x 30.

9 -16— Palm atolepis qiqas M i l le r  and Youngquist: 9 , top view o f
UA52925, x 32; 10, top view o f  UA52926, x 30; 11, ob lique view  
o f  UA52926, x 26; 12, top view o f  UA52927, x 25; 13, top view  
o f  UA52928, x 30; 14, top view o f  UA52929, x 25; 15, aboral 
view o f  UA52930, x 30; 16, top view o f  UA52931, x 35.

17-20— Palm atolepis d is to r ta  Branson and Mehl: 17, top view o f
UA52932, x 35; 18, top view o f  UA52935, x 35; 19, top view o f
UA52934, x 35; 20, top view o f  UA52935, x 35.

21— Palm atolepis g labra p e c tin a ta  Z ie g le r :  21, top view o f
UA52936, x 25.
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Figure 12. Palmatolepis.
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Palm atolepis tra n s ita n s  M u lle r , 1956

Palm atolepis (M an tico lep is ) tra n s ita n s , M u lle r , 1956, p. 18 -19 , P I.  1 , 
F ig s . 1 -2 .

Palm atolepis tra n s ita n s  M u lle r , Szulczew ski, p. 4 2 -43 , P I. 9 , F igs .
1 -4 , 7, 9. ---------------------

D iag n o s is .— A species o f  Palm atolepis w ith  a s tra ig h t  blade Ca­

r in a  and a poorly  developed in n er la te r a l  lobe. Ornamentation is  

coarse and u s u a lly  concentrated along the ou ter edge o f  the p la tfo rm .

Remarks.— Samples from the f is h  bone-rich  dolom ite a t  the top  

o f the M artin  Formation a t  Holy Joe Peak y ie ld e d  a r ic h  fauna o f  palm ato- 

lep id s  which were t ra n s it io n a l from P. tra n s ita n s  to  £ .  pu n cta ta . 

Specimens were assigned to  £_. tra n s ita n s  on the basis o f  a poorly de­

veloped to  n ea rly  absent in n er lobe and a s tra ig h t  blade c a r in a . Den­

t ic le s  on the blade ca rin a  were g e n era lly  fused u n t i l  the azygous node, 

then two o r th ree  d is c re te  nodes continued beyond the azygous node 

e ith e r  a lig n ed  w ith  the blade ca rin a  o r a t  a very s l ig h t  ang le .

Occurrence,. — Z ie g !e r  (1971) records the range o f f , ,  tra n s ita n s  

from the base o f  the Lower £ .  asvmmetricus Zone to the m iddle o f  the A. 

t r ia n g u la r is  Zone. In  my study, specimens assigned to  £ .  tra n s ita n s  

were found a t  Holy Joe Peak mixed w ith  Upper JP. gigas Zone and Lower 

Ordovician conodonts.

M a te r ia l . — 36 specimens.

Unfigured Specimens. — UA52994.

Palm atolepis punctata (H in d e ), 1879 
F ig . 12, no. 7

Polygnathus punctatus, Hinde, 1879, p. 367, P I. 17, F ig . 14.
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Palmate)!epis punctata (H in d e ), G le n is te r  and K lapper, 1966, p. 879,
P I. 88 , F igs . 8 ,9 .

Palm ato!epis punctata (H in d e ), Szu lczew ski, 1971, p. 38, P I . 9 , F ig . 8; 
P I. 10, F igs . 1 -4 .

D iagn osis .— A more o r less t r ia n g u la r  species o f  Palm atolepis  

w ith  coarse ornam entation on the upper su rface . The in n er la te r a l  lobe  

is  a n te r io r  o f  the azygous node and the blade ca rin a  extends to a down­

ward fle x e d  p o s te r io r  t ip .

Remarks.— P. punctata d i f fe r s  from P. tra n s ita n s  p r im a r ily  in  

having a more markedly d if fe r e n t ia te d  in n er la te r a l  lobe .

O ccurrence.— Z ie g le r  (1971) records the range o f  £ .  punctata  

from the base o f  the M iddle j \  asyircnetricus Zone to  the Lower JP. gigas  

Zone. In  my s tu d y ,j \  punctata was found in  the M artin  Formation a t  Van 

W inkle Ranch, Steamboat Mountain and Holy Joe Peak. One specimen o f  

P.. punctata was found in  the basal lag  deposit o f  the Percha Formation 

a t  Highway 77.

M a te r ia l . — 19 specimens.

Figured Specimen. — UA52923 (hypotype).

Palm atolepis proversa Z ie g le r ,  1958 
F ig . 12, no. 8

Palm atolepis proversa, Z ie g le r ,  1958, p. 6 2 -63 , P I.  3 , F igs . 11, 12;
P I. 10, F ig s . 1 -14 :

Palm atolepis proversa Z ie g le r ,  Mound, 1968, p. 500, P I. 68, F igs. 14,
16, 21; P I.  7 , F igs. 15, 19.

Palm atolepis proversa Z ie g le r ,  Szu lczew ski, 1971, p. 38, P I.  9 , F ig . 8; 
P I. 10, F ig s . 1 -4 .

D iag n o s is .— A more or less  t r ia n g u la r  shaped species o f  Palmato­

le p is  w ith  a w e ll developed in n e r la te r a l  lobe which is  d ire c te d
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a n te r io r ly  a t  45° to  the c a r in a . The margins o f  the p la tfo rm  are com­

monly b u i l t  up w ith  coarse ornam entation.

Occurrence. — Z ie g le r  (1971) records the range o f  £ .  proversa  

from the base o f  the M iddle £,. asymmetricus Zone to  the Lower JP. gigas 

Zone. In  n\y study, £ .  proversa was found in  the M artin  Formation a t  

Globe H i l ls ,  P inal Creek, Van W inkle Ranch, and Holy Joe Peak.

M a te r ia l . - - 7  specimens.

Figured Specimens. — UA52924 (hypotype).

Palm atolepis gigas M i l le r  and Youngquist, 1947 
F ig . 12, nos. 9-16

Palm atolepis g igas . M i l le r  and Youngguist, 1947, p. 512-513, P I. 75,
F ig . 1

Palm atolepis gigas M i l le r  and Youngquist, Anderson, 1966, p. 408, P I.  49, 
F igs . 1 -2 , 4 -1 0 , 1 6 ,2 0 . —

Palm atolepis gigas M i l le r  and Youngquist, G le n is te r  and K lapper, 1966, 
p. 810, P I.  88 , F ig . 12.

Palm atolepis gigas M i l le r  and Youngquist, Mound, 1968, p. 499 , P I.  68 , 
F igs. 1 ,2 .

Palm atolepis gigas M i l le r  and Youngquist, Szu lczew ski, 1971, p. 31,
P I. 1 0 , F ig . 7 ; P I.  11, F ig s . 1 -5 ; P I.  12, F ig . 3 .

D iagn os is .— A species o f  Palm atolepis w ith  a very s tro n g ly  

elongate in n e r la te r a l  lobe .

Remarks.— P. gigas is  a very v a r ia b le  species. A pparently  two 

general morphotypes are now recognized (D r. Charles Sandberg, personal 

communication, 1975). One has a f a i r l y  sh o rt roundish p la tfo rm  w ith  an 

extrem ely long in n er la te r a l  lobe (F ig . 12, nos. 1 0 -1 6 ). The o th e r has 

a lo n g er, narrower p la tfo rm  w ith  high a n te r io r  d e n tic le s  on the b lade , 

a h in t  o f  a parapet on the o u te r edge o f  the "shoulder" a rea , and /o r  

a f a i r l y  w e ll developed in n er la te r a l  lobe (F ig . 12, no. 9 ) .
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O ccurrence.— Z ie g le r  (1971) records P. giqas from the bottom 

o f the giqas Zone to  the Lower J P .  t r ia n g u la r is  Zone. In  North 

America, Klapper and others (1971) re p o rt £ .  giqas from the bottom to  

the top o f  the P_. qigas Zone. In  my study, £ .  giqas was found in  the  

M artin  Formation a t  Globe H i l ls ,  Job Corps Camp, Van W inkle Ranch, 

Highway 77, Steamboat M ountain, and Holy Joe Peak. One specimen as­

signed to  £ .  giqas was found in  the basal Percha beds a t  Highway 77. 

M a te ria l . — More than 150 specimens.

Figured Specimens. — UA52925-UA52931 (hypotypes).

Palm ato!epis d is to r ta  Branson and M ehl, 1934 
F ig . 12, nos. 17-20  

F ig . 13, nos. 1 , 2 , 15

Palm atolepis d is to r ta  Branson and M ehl, 1934, p. 237-238, P I. 18, F igs . 
13, 14.

Palm atolepis d is to r ta  Branson and M ehl, G le n is te r  and K lapper, 1966, p.
809, P I.  89 , F ig . 8; P I. 91, F ig s . 2 ,4 .

Palm atolepis d is to r ta  Branson and M ehl, Dressen and Dusar, 1974, P I. 7, 
F ig . 4 .

D iag n o s is .— A narrow, e lo n g a te , s tro n g ly  sigmoidal species o f  

P a lm ato lep is . The b la d e -c a rin a  is  s tro n g ly  sigmoidal and an in n e r lobe  

is  absent. A w ell developed o u te r margin parapet which l ie s  c lose to  

and p a r a l le ls  the blade is  p resent. The a n te r io r  in n er p la tfo rm  is  

convex upward.

Remarks.— G le n is te r  and Klapper (1966) say th a t  P. d is to r ta  

forms a continuous t ra n s it io n a l se rie s  w ith  P. g lab ra  p e c tin a ta . The 

e ss en tia l d iffe re n c e  between these two is  th a t  P. d is to r ta  d isp lays  a 

convex arching o f  the a n te r io r  in n e r p la tfo rm  in  c o n tras t to  P. g labra

p ec tin a ta  which is  f l a t  o r concave in  th is  same area (Z ie g le r ,  1962).



Figure 13. P a lm ato lep is , Pelekysgnathus.

A ll specimens are from the Percha Formation.

1 ,2 ,1 5 — Palm atolepis d is to r ta  Branson and Mehl: 1 , aboral view
o f  UA52937, x 35; 2 , aboral view o f  UA52938, x 35; 15, 
top views o f  UA52950 and UA52951, x 35.

3 ,4 — Palm atolepis g labra elongate Holmes: 3 , ob liq ue view
o f destroyed specimen, x 35; 4 , ob lique view o f  UA52939, 
x 35.

5 ,6 ,7 ,1 4 ,1 6 — Palm atolepis perlobata  perlobata  U lr ic h  and
Gassier: 5 , ob lique view o f  UA52941, x 25; 7 , aboral view
o f UA52942, x 25; 14, aboral view o f  UA52949, x 35; 16, 
aboral view o f  UA52952, x 35.

8—  Palm atolepis perlobata  sigmoidea Z ie g le r :  8 , top view
o f UA52943, x 35.

9—  Palm atolepis m arg in ife ra  m arg in ife ra  (? ) Helms: 9,
aboral view o f  UA52944, x 30.

• 10 ,11— Palm atolepis rugosa rugosa Branson and Mehl: 10, top
view o f  UA52945, x 25; 11, aboral view o f  UA52946, x 30.

12 ,13— Palm atolepis rugosa posters Z ie g le r :  12, top view o f
UA52947, x 30; 13, top view o f  UA52948, x 30.

17— Pelekysgnathus sp. Thomas: 17, s ide view o f  UA52953,
x 30.
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Figure 13. Palmatolepis, Pelekysgnathus.
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Because o f  w eathering specimens assigned to  j \  d is to r ta  in  th is  study  

did not d is p la y  the shagreen upper surface described by many o th ers .

Occurrence.— P. d is to r ta  is  recorded by Z ie g le r  (1971) from the  

Lower £,. m a rg in ife ra  Zone to  the M iddle S_. v e l i f e r  Zone. In  North  

Am erica,£ .  d is to r ta  is  found from the Lower £ .  m a rg in ife ra  Zone to  the  

S. su b serra tu s -P. in c lin a tu s  Fauna ( upper p a r t  o f  the 5 . v e l i f e r  Zone). 

In  my study. P. d is to r ta  was found in  the basal lag  deposit o f  the  

Pefcha Formation a t  Highway 77 and Holy Joe Peak.

M a te r ia l . — £ . d is to r ta  was extrem ely abundant on bedding 

planes— more than 500 specimens were examined.

Figured Specimens. — UA52932-UA52935, UA52937, UA52938, UA52950, 

UA52951 (hypotypes).

Palm atolepis g labra U lr ic h  and G assier, 1926

Palm atolepis g labra p e c tin a te  Z ie g le r ,  1962 
F ig . 12, no. 21

Palm atolepis so. Branson and M ehl, 1941, p. 192, P I. 7 , F ig . 11.
Palm atolepis g labra  U lr ic h  and G assier, 1926, p. 51 , P I. 9 , F igs. 18 -20 . 
Palm atolepT? g labra  p ec tin a ta  Z ie g le r , 1962, p. 398-399, P I. 2 , F ig .

3 5 .
Palm atolepis g labra  p e c tin a ta  Z ie g le r ,  Sandberg and Z ie g le r ,  1973, 

p. 104, P I. 2 , F igs . 4 , 12 -15 ; P I. 5 , F ig . 14.

D iagn os is .— A long s lender sigmoidal species o f  Palm atolepis  

c lo s e ly  re la te d  to  F\ d is to r ta  but not as s tro n g ly  sigm oidal and d is ­

p lay ing  a f l a t  o r concave a n te r io r  inner p la tfo rm  ra th e r  than a convex 

in n er p la tfo rm .

Remarks.— This broken specimen does not c lo s e ly  resemble 

Z ie g le r 's  1 ectotypes (1962) but is  not as sigm oidal as specimens o f  P,. 

d is to r ta  and does have a f l a t  in n e r p la tfo rm .
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O ccurrence.— Z ie g le r  (1971) reports  P. g lab ra  p e c tin a te  from 

the Upper £ .  crep ida Zone through the Upper P. m a rg in ife ra  Zone.

Sandberg and Z ie g le r  (1973) f in d  P. g labra p e c tin a te  in  the Upper £ .  

crep ida Zone to  the top o f  the Upper P_. rhomboidea Zone. The fig u re d  

specimen was.found in  the basal lag  deposit o f  the Percha a t  Highway 77. 

One o th er specimen was found in  the basal beds o f  the Percha a t  Holy 

Joe Peak.

M a te r ia l . - - 2  specimens.

Figured Specimens.— UA52936 (hypotype).

Palm atolepis g labra elongata Holmes, 1928 
F ig . 13, nos. 3 -4

Palm atolepis e lo n g a ta . Holmes, 1928, p. 133, P I. 11, F ig . 33.
Palm atolepis g labra  e longata Holmes, Z ie g le r , 1962, p. 58, P I. 5 , F igs. 

6 ,7 .
Palm atolepis g labra e longata Holmes, G le n is te r  and K lapper, 1966, p. 

811 -814 , P I.  95 , F ig . 1

D iagnosis. — A subspecies o f  Palm atolepis g labra  th a t  is  ex­

trem ely  narrow and elongate and whose a n te r io r  o u te r p la tfo rm  is  t r i ­

angular in  o u t l in e .

Remarks. — The two f ig u re d  specimens g e n e ra lly  resemble £ .  g labra  

elongata but were photographed on a bedding surface and no parapet was 

v is ib le .  The specimen i l lu s t r a te d  in  F igure 13, no. 3 , was destroyed  

w h ile  being removed from the rock.

Occurrence. — Z ie g le r  (1962) records the range o f  P_. g labra  

elongata from the Lower P. m a rg in ife ra  Zone to  the Upper _S. v e l i f e r  

Zone. Klapper and others (1971) record the  la s t  occurrence o f  £ .  g labra  

elongata in  the su b serra tu s -P. in c lin a tu s  Fauna. In  my s tudy ,£ .



61

glabra elongata was found in  the basal beds o f  the Percha Formation a t  

Highway 77.

M a te ria l . — 2 specimens.

Figured Specimen.--UA52939 (hypotype).

Palm atolepis perlobata  perlobata  U lr ic h  and B ass ler, 1926 
F ig . 13, nos. 5 ,6 ,7 ,1 4 ,1 6

Palm atolepis p e rlo b a ta , U lr ic h  and B ass le r, 1926, p. 49 , P I. 7 , F ig . 22. 
Palm atolepis p erlo b ata  perlobata  U lr ic h  and B assler, G le n is te r  and 

K lapper, 1966, p. 818, P I. 92, F igs . 8 , 13; P I. 93, F igs. 1 -6 .  
•Palm atolepis perlobata  U lr ic h  and B assler, Huddle, 1968, p. 32 -33 ,

P I. 15, F igs . 2 ,5 ,8 .
Palm atolepis p erlobata  p erlobata  U lr ic h  and B ass ler, Szu lczew ski, 1971, 

p. 37 -38 , P I.  14, F igs . 3 -4 .

D iagn os is .— See Z ie g le r  (1 9 6 2 ).

Remarks. — This is  a very h ig h ly  v a r ia b le  form o f Palma to le p is .  

Figure 13, nos. 14 and 16 were photographed on the bedding surface and 

an o ra l view was not a v a ila b le .

Occurrence. — Z ie g le r  (1962) records the  range o f  P. p erlo b ata  

p erlobata  from the Upper JP. t r ia n g u la r is  Zone to  the Lower F\ costatus  

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

beds and carbonate member o f  the Percha Form ation.

M a te ria l . — Over 25 specimens.

Figured Specimens. — UA52940-UA52942. UA52949, UA52952 

(hypotypes).

Palm ato lep is perlobata  sigmoidea Z ie g le r ,  1962 
F ig . 9 , no. 8

Palm atolepis ( P a lm ato lep is ) sch in d e w o lfi, M u lle r , 1956, S. 27 , T a f. 8 , 
Figs. 22, 24 , 2 8 (7 ) ,  31.
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Palm atolepis perlobata  siqmoidea subsp., Z ie g le r , 1962, p. 7 1 -72 , P I.  8 , 
Figs. 7 , 9 -1 1 .

D iagn osis .— See Z ie g le r  (1 9 6 2 ).

Remarks.— This palm ato lep id  d isp lays many o f  the c h a ra c te r is t ic s  

o f Z ie g le r 's  types but is  not q u ite  as s igm oida l.

O c c u rre n c e .--Z ie g le r  (1971) records the range P. perlobata  s ig -  

moidea from the Lower P. m arg in ife ra  Zone to  the Upper P. s ty ria cu s  

Zone. In  n\y study, one specimen was found in  the basal beds o f  the  

Percha Formation a t  Highway 77.

M a te ria l . — 1 specimen.

Figured Specimen. — UA52943 ( hypotype) .

Palm atolepis m arg in ife ra  Helms, 1959

Palm atolepis m a rg in ife ra  m a rg in ife ra  Helms, 1959 
F ig . 13, no. 9

Palm atolepis quadrantinodosa m a rg in ife ra  Z ie g le r ,  Helms, 1959, p. 649, 
P I. 5 , F igs . 22 , 23.

Palm atolepis quadrantinodosa m arg in ife ra  Helms, G le n is te r  and K lapper, 
1966, p. 820 , P I. 91 , F igs. 6 -1 5 .

Palm atolepis m a rg in ife ra  m arg in ife ra  Helms, Sandberg and Z ie g le r , 1973, 
p. 104-105, P I. 3 , F igs. 13 ,14 .

Palm atolepis m a rg in ife ra  Helms, Dreesen and Dusar, 1974, p. 28 , P I. 5 , 
F igs. 26-28 .

Remarks.— This specimen was photographed on a bedding surface  

and c lo s e ly  resembles an aboral £ .  m arg in !fe ra  m a rg in ife ra  i l lu s t r a te d  

by G le n is te r  and Klapper (1 9 6 6 ). However, th is  specimen could be one % 

o f several roundish oblong palm ato lep ids . One o th e r specimen, te n ta ­

t iv e ly  assigned to  £ .  m a rg in ife ra  m a rg in ife ra , was lo s t .
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Occurrence. — Sandberg and Z ie g le r  (1973) record the range o f  j \  

m arg in !fera  m arg in ife ra  through the Lower and Upper £ .  m arg in !fe ra  Zones. 

In  n\y study, P. m a rg in ife ra  m a rg in ife ra  was present on ly in  the basal 

beds o f  the Percha Formation a t  Highway 77.

M a te ria l . — 1 specimen.

Figured Specimen. — UA52944.

Palm atolepis rugosa Branson and M ehl, 1934

Palm atolepis rugosa rugosa Branson and M ehl, 1934 
F ig . 13, nos. 10-11

Palm atolepis rugosa, Branson and M ehl, 1934, p. 236, P I. 18 , F igs. 15,
16, 18, 19.

Palm atolepis rugosa, Branson and Mehl, M U lle r, 1956, p. 29 , P I. 9 , F ig . 
34.

D iagnosis. — A species o f  Palm atolepis w ith  a s tro n g ly  sigm oidal 

p la te . The p o s te r io r  t ip  is  b lu n t and the in n e r la te r a l  lobe is  w e ll 

developed. The surface  is  ornamented w ith  coarse nodes, s ca tte red  gen­

e r a l ly  around the surface but in  rows on the in n er lo b e , in n er edge, 

and o u te r edge. The blade c a rin a  is  smooth w ith  no d e n tic le s .

Remarks.— Z ie g le r  (1962) subdivided j \  rugosa in to  fo u r sub­

species. P. rugosa rugosa in  th is  study most c lo s e ly  resembles P. 

rugosa amp!a i l lu s t r a te d  by Z ie g le r  (1 9 6 2 ).

Occurrence. — The range o f  P_. rugosa is  recorded by Z ie g le r  (1971) 

as from the Upper £ .  m a rg in ife ra  Zone to  the Upper P. s ty ria cu s  Zone.

In North America, Klapper and others  (1971) f in d  £ .  rugosa rugosa in  the  

Upper P. s ty ria c u s  Zone and the Lower and M iddle B. costatus Zones. 

Sandberg (1976) has found P. rugosa rugosa s . l .  in  rocks o f  the £ .  

s ty ria cu s  Zone throughout much o f  the western United S ta te s . In  my
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study, t \  rugosa rugosa was found in  the carbonate member o f  the Percha 

Formation a t  Saddle Mountain, Brandenburg Mountain 1 , and Brandenburg 

Mountain 2.

M a te ria l . — 50 specimens.

Figured Specimens. — UA52945-UA52946 (hypotypes) .

Palm atolepis rugosa postera Z ie g le r ,  1960 
F ig . 9 , nos. 12-13

Palm atolepis rugosa p o s te ra , Z ie g le r , 1960, in_ Kronberg and o th e rs , S.
39 , T a f. 2 , F igs . 10, 11, Abb. 12, 13.

Palm atolepis rugosa postera Z ie g le r , 1962, p. 79, P I.  8 , F igs . 12 -14 .

D iagn osis .— See Z ie g le r  (1 9 6 2 ).

Remarks.— Z ie g le r  (1962) i l lu s t r a te s  P. rugosa postera w ith  a 

strong , weak, and no lo b e . A ll  th ree  v a r ie t ie s  were found in  th is  study.

O ccurrence.— Z ie g le r  (1971) records the range o f  P. rugosa 

postera from the Lower to  the Upper j \  s ty ria cu s  Zone. Klapper and 

others (1971) f in d  P_. rugosa postera in  both the Upper £ .  s ty ria c u s  

and Lower EL costatus Zones. In  my study, £ .  rugosa postera was found 

in  the carbonate member o f  the Percha Formation a t  Saddle Mountain, 

Brandenburg Mountain 1 and Brandenburg Mountain 2 .

M a te ria l . — 7 specimens.

Figured Specimens. — UA52947-UA52948 (hypotypes).

Genus Pelekysgnathus Thomas, 1949 
Type species: Pelekysgnathus in c l in e ta  Thomas, 1949

Pelekysgnathus sp.
F ig . 13, no. 17

Remarks.— One fragm ental specimen o f  Pelekysgnathus, showing the  

c h a ra c te r is t ic  row o f  d e n tic le s  and p a rt o f  the basal p late ,w as found
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in  th is  study. The specimen was too incom plete fo r  s p e c if ic  

assignment.

O ccurrence.— One broken specimen was found in  the Percha Forma­

t io n  a t  Brandenburg Mountain 1 .

M a te r ia l . — 1 specimen.

Figured Specimen. — UA52953.

Genus Polygnathus H inde, 1879
Type species: Polygnathus ro b u s tic o s ta ta  B is c h o ff and Z ie g le r ,  1957

Polygnathus dubius H inde, 1879

Polygnathus norm alis M i l le r  and Youngquist, 1947 
: F ig . 14 , nos. 1 -4

Polygnathus n o rm a lis . M i l le r  and Youngguist, 1947, p. 515 , P I.  74 , F ig . 4 . 
Polygnathus normal is  M i l le r  and Youngquist, Druce, 1969, p. 102, P I.  19 , 

F ig s . 7 -1 0 .
Polygnathus normal is  M i l le r  and Youngquist, S zu lczew sk i, 1971, p. 4 9 -5 0 , 

P I.  19 , F ig s . 2 -5 .

D ia g n o s is .--S e e  M i l l e r  and Youngquist (1 9 4 7 ).

Remarks. — In  th is  study £ .  norm alis was q u ite  abundant and d is ­

played wide m orphological v a r i a b i l i t y .  Most specimens were arched w ith  

tran sverse  rid ges running p erp e n d icu la r to  the  b lade c a r in a .

O ccurrence. — P . norm alis ranges from th e  upper p a r t  o f  th e  Mid­

d le  Devonian to  as high as the  Lower £ .  m a rg in ife ra  Zone. In  th is  s tu d y , 

P. normaTis was found in  the  M a rtin  Formation a t  P inal Creek, Globe H i l l s ,  

Van W inkle Ranch, Job Corps Camp, and Highway 77.

M a te r ia l . — More than 200 specimens.

F igured Specimens.— UA52954-UA52957 (h yp o typ es).



Figure 14. Polygnathus.

Numbers 1 -4  are from the M artin  Formation. Number 5 is  from the Esca- 
brosa Limestone. Numbers 6-17 are from the Percha Formation.

1 -4 — Polygnathus normal is  M i l le r  and Youngquist: 1 , ob lique
view o f  UA52954, x 30; 2 , ob lique view o f  UA52955, x 30;
3 , ob lique view o f  UA52956, x 25; 4 , ob lique view o f  UA52957, 
x 27.

5—  Polygnathus communis Branson and Mehl: ob lique view o f
UA52958, x 30.

6—  Polgynathus sp. A: 6 , top view o f  UA52959, x 35.

7 ,8 — Polygnathus sp. B: 7 , top view o f  UA52960, x 35; 8 , aboral 
view o f  UA52961, x 27.

9— Polygnathus sp. C: 9 , top view o f  UA52962, x 35.

10—  Polygnathus perplexus Thomas: 10, ob lique view o f  UA52963.
x 35.

11—  Polygnathus so. D: 11, aboral view o f  UA52964, x 35.

12 ,13— Polygnathus sp E: 12, s ide view o f  UA52965, x 25; 13,
s ide view o f  UA52966, x 25.

14— Polygnathus brevilam inus Branson and Mehl: 14, ob lique
view o f  UA52967, x 25.

15-17— Polygnathus sem icostatus Branson and Mehl: 15, ob lique
view o f  UA52968, x 25; 16, ob lique view o f  UA52969, x 25,
17, s ide view o f  UA52970, x 30.
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Figure 14 Polygnathus
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Polygnathus brev ilam inu s , Branson and M ehl, 1934, p. 246, P I. 21, F igs. 
3 -6 .

Polygnathus brevilam inus Branson and Mehl, Mound, 1968, p. 504-505, P I. 
69, F igs . 6 ,7 .

Polygnathus brevilam inus Branson and Mehl, Szulczew ski, p. 4 6 -4 7 , P I. 
18, F ig s . 5 ,6 ,  10.

Remarks.— Specimens o f  P. brevilam inus found in  th is  study gen­

e r a l ly  conformed w ith  the type specimens o f  Branson and Mehl.

' Occurrence. — P. brevilam inus was found in  the Percha Formation 

a t  Brandenburg Mountain 1 and Brandenburg Mountain 2 .

M a te ria l . — 5 specimens.

Figured Specimens. — UA52967 (hypotype).

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

Polygnathus communis Branson and M ehl, 1934 
F ig . 14, no. 5

Polygnathus communis Branson and M ehl, 1934, p. 293, P I. 24 , F igs. 1 -4 . 
Polygnathus communis Branson and M ehl, Mound, 1968, p. 505, P I.  69,

F igs. 12, 13, 18 (Gives synonymy).
Polygnathus communis communis Branson and M ehl, Dreesen and Dusar, 1974, 

p. 13, P I. 1 , F igs. 21-29; P I. 4 , F igs. 3 -9 ; te x t  F igs. 9 , 10.

Remarks.— P. communis is  a smooth, e s s e n t ia lly  unornamented p o ly -

g na th id , w ith  a bowed, m oderately arched p la tfo rm .

Occurrence. — Dreesen and Dusar (1974) extended the range o f  £ .

communis down to  the M iddle P. crepida Zone. £ .  communis ranges through

the re s t  o f  the Upper Devonian and in to  the M is s iss ip p ian . In  my study,

£ .  communis was found in  the top p a rt o f  the carbonate member o f  the

Percha Formation a t  Brandenburg Mountain 1 and Brandenburg Mountain 2.

£ .  communis a lso  occurs in  the M iss iss ipp ian  Escabrosa Limestone a t

Steamboat Mountain.
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M a te r ia l . — 10 specimens.

Figured Specimen. — UA52958 (hypotype).

Polygnathus h o m o irreg u laris  (Thomas, 1949)
F ig . 15, nos. 1 , 2 ,  5 , 6

Palm ato lep is ? i r r e g u la r is ,  Thomas, 1949, p. 416 -417 , P I.  2 , F ig . 27. 
Polygnathus i r r e g u la r is  (Thomas), Helms, 1961, p. 485 -4 86 , T a f .  3 , B i ld .

3 , 5 -7 .

D ia g n o s is .— See Helms (1 9 6 1 ).

Remarks. — Z ie g le r  (1971) agreed w ith  Helms' (1961) assignment o f  

P alm ato lep is  ? i r r e g u la r is  Thomas to  Polygnathus, but po in ts  out th a t  

Polygnathus i r r e g u la r is  is  occupied. He proposes th a t  Polygnathus homo- 

i r r e g u la r is  be used fo r  Pa lm ato lep is ? i r r e g u la r is  Thomas.

. Most specimens c lo s e ly  resemble the  ho lo type i l lu s t r a t e d  by 

Thomas (1 9 4 9 ). However, a few were somewhat d i f f e r e n t  (F ig . 15, no. 2 ) 

and probably rep resen t t r a n s it io n a l  form s. F igure  15, nos. 5 -6  a re  

probably £.. h o m o irreg u la ris  t r a n s it io n a l  to  Polygnathus hassi (C harles  

A. Sandberg, personal communication, 1975 ).

O ccurrence. — Z ie g le r  (1971) records th e  range o f  j \  hom oirregu- 

1a r is  from the Lower to  th e  Upper P. s ty r ia c u s  Zone. K lapper and 

others  (1971) f in d  £ .  h o m o irreg u la ris  in  th e  S. s u b s e rra tu s -P. in c lin a tu s  

Fauna, in  th e  Upper £ .  s ty r ia c u s  Zone, and in  the  lo w er p a r t  o f  the B. 

costatus Zone. In  my s tu d y ,£ .  h o m o irreg u la ris  was presen t in  the  c a r­

bonate member o f  the Percha Formation a t  Brandenburg Mountain 1.

M a te r ia l . — 6 specimens.

Figured Specimens. — UA52971. UA52972, UA52975 (h yp o typ es).



Figure 15. Polygnathus, Polylophodonta, S iphonodella , Bispathodus.

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

1 ,2 — Polygnathus hom oirregularis  (Thomas): 1 , ob lique view o f
UA52971, x 30; 2 , top view o f  UA52972, x 30.

3 ,4 — Polygnathus perplexus Thomas: 3 , ob lique view o f  UA52973, 
x 30; 4 , ob lique view o f  UA52974, x 32.

5 ,6 — Polygnathus hom oirregularis  (Thomas) t ra n s it io n a l to  Poly­
gnathus hassi Helms: 5, top view o f  UA52975, x 30; 6 , ob liq ue
view o f  UA52975, x 30.

7 -9 — Polylophodonta confluens (U lr ic h  and B a ss le r): 7 , top view
o f UA52976, x 35; 8 , top view o f  UA52977, x 35; 9 , ob lique  
view o f  UA52978, x 27.

10-12— Polylophodonta concentrica (U lr ic h  and B a ss le r): 10,
oblique view o f  UA52979, x 27; 11, top view o f  UA52980, x 27;
12, ob lique view o f  UA52981, x 25.

13 ,14— Siphonodella iso s tic h a  Cooper: 13, c lose-up o f  p la tfo rm
o f UA52982, X600; 14, ob lique view o f  UA52982, x 30.

15 ,16— Bispathodus s ta b i l is  (Branson and M ehl): 15, s ide view o f
UA52983, x 30; 16, ob lique view o f  UA52984, x 25.
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Figure 15. Polygnathus, Polylophodonta, Siphonodella, Bispathodus.
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Polygnathus perplexus Thomas, 1949 
F ig . 14, no. 10; F ig . 15, nos. 3 -4

Polygnathus p erp lexa , Thomas, 1949, p. 418, P I. 2 , F ig . 23.
Polygnathus perplexa Thomas, Helms, 1959, P I. 6 , F ig . 27.
Polygnathus perplexa Thomas, Helms, 1961, P I. 1 , F ig s . 18, 19; P I. 4 ,

F igs. 1 -3 , 5; Text F ig . 10.
Polygnathus perplexus Thomas, Dreesen and Dusar, 1974, p. 17, P I. 3 ,

F ig . 25.

D iagnosis. — See Helms (1 9 6 1 ).!

Remarks.— Two morphotypes o f  P. perplexus were found in  th is  

study. The f i r s t  d isp layed  a broad p la tfo rm  and was h ig h ly  ornamented 

w ith  coarse nodes and d isp layed  the c h a ra c te r is t ic  rostrum  on the an te ­

r io r  p a r t  o f  the p la tfo rm . The second was longer and narrower and was 

ornamented by ridges and fused nodes and also d isp layed  the c h a ra c te r is t ic  

rostrum .

Occurrence. — Dreesen and Dusar (1974) record the range o f  P. 

perplexa from the basal p a r t  o f  the Upper £ .  m a rg in ife ra  Zone in to  the 

S_. v e l i f e r  Zone. Z ie g le r  (1971) records the range from the Upper Ŝ . 

v e l i f e r  Zone to the Upper P. s ty ria c u s  Zone. Klapper and others (1971) 

f in d  P. perplexa in  the su b serra tu s -P. in c lin a tu s  Fauna, in  the Upper 

J \ s ty ria c u s  Zone, and in  the lower p a rt o f  the jk  costatus Zone. In my 

study, the f i r s t  morphotype was found in  the basal beds o f  the Percha 

Formation a t  Highway 77 and the second morphotype in  the carbonate mem­

ber o f  the Percha Formation a t  Saddle Mountain, Brandenburg Mountain 1 , 

and Brandenburg Mountain 2 .

M a te ria l . — 10 specimens.

Figured Specimens. — UA52963. UA52973-UA52974 (hypotypes).
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Polygnathus sem icostata Branson and M ehl, 1934, p. 247 -2 48 , P I.  21 , 
F ig s . 1 , 2 .

Polygnathus sem icostatus Branson and M ehl, S zu lczew ski, p. 51 , P I .  19 , 
F ig . 6 . •

Polygnathus sem icostatus Branson and M ehl, D re e s e n a n d O rc h a rd , 1974, 
p. 3 , P I.  1 , F ig s . 1 -8 ;  P I.  2 , F ig s . 1 ^  “

D iagn os is . — See Dreesen and Orchard (1 9 7 4 ).

Occurrence . — Dreesen and Orchard (1974) record  th e  range o f  JP. 

sem icostatus from the  M idd le j \  c rep ida  Zone to  the S,. v e l i f e r a  Zone. 

Klapper and o thers  (1971) re p o r t  P. sem icostatus from as high as the

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

carbonate member o f  th e  Percha Formation a t  Steamboat M ountain, Saddle 

M ountain, Brandenburg Mountain 1 , and Brandenburg Mountain 2 . One 

specimen from Peppersauce Wash was te n ta t iv e ly  assigned to  P. 

sem icostatus.

M a te r ia l . — 71 specimens.

Figured Specimens. — UA52968-UA52970 (hypo types).

Polygnathus sp. A 
F ig . 14 , no. 6

Remarks.— This unknown species may have a f f i n i t i e s  to  Palm ato- 

1ep is  o r  p o ss ib ly  to  Polygnathus h o m o irre g u la ris .

O ccurrence. — Basal beds o f  the Percha Formation a t  Highway 77. 

M a te r ia l .— 1 specimen.

Figured Specimen.— UA59259.

Polygnathus semicostatus Branson and Mehl, 1934
Fig. 14, nos. 15-17
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Remarks.- -T h is  unknown po lygnath id  could be a g e ro n tic  form o f  

one o f  severa l common p o lygnath is  spec ies . P. p ia n iro s tra tu s  (Dreesen  

and Dusar, 1974, P I .  2 , F ig s . 1 3 -2 0 ) ,  F\ norm alis (S zu lczew sk i, 1971,

P I.  19, F ig . 3 ) ,  and Polygnathus sp. A (D ruce, 1969, P I.  21 , F ig . 3 ) ,  

a l l  show a f f i n i t i e s  to th is  s trange form . The ornam entation o f  the  

p o s te r io r  h a l f  o f  the p la tfo rm  bears c lose  resemblance to  polylophodondid  

ornam entation .

Specimen no. 8 was photographed on a bedding plane and appears 

to  be the abora l view o f  specimen no. 7 .

O ccurrence. — Basal beds o f  the Percha Formation a t  Highway 77 .

M a te r ia l .— 10 specimens.

Figured Specimens.— UA52960, UA52961.

Polygnathus sp. C 
F ig . 14, no. 9

Remarks.— This heart-shaped  po lygnath id  d isp lays  very  f in e  tra n s ­

verse p o ly !o p h o d o n tid -1 ike  rid ges on the e n t ir e  o ra l su rface  when the  

specimen is  m oistened.

O ccurrence.— Basal beds o f  the Percha Form ation a t  Highway 77 .

M a te r ia l . — 1 specimen.

Figured Specimen.— UA52962.

Polygnathus sp. D 
F ig . 14 , no. 11

Remarks.— Aboral view o f  unknown specimen photographed on a 

bedding p lan e .

Polygnathus sp. B
Fig. 14, nos. 7, 8
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Occurrence. — Basal beds o f  the Percha Formation a t  Highway 77 . 

M a te r ia l .— 1 specimen.

F igured Specimen.— UA52964.

Polygnathus sp. E 
F ig . 14 , nos. 12 , 13

Remarks. — Juven i1e polygnath ids too young to  be id e n t i f ie d  

s p e c if ic a l ly .

O ccurrence. — Carbonate member o f  the  Percha Form ation, Branden­

burg Mountain 1 and Brandenburg Mountain 2 .

M a te r ia l . — 15 specimens.

Figured Specimens.— UA52965-UA52966.

Genus Polylophodonta Branson and M ehl, 1934
Type species: Polygnathus g y r a t i l in e a ta  Holmes, 1928

Polylophodonta confluens (U lr ic h  and B a ss le r, 1926)
F ig . 15, nos. 7 -9

Polylophodonta confluens U lr ic h  and B a s s le r, 1926, p. 4 6 -4 7 , P I.  7 ,
F ig s . 14, ) 5 .

Po lylophodonta confluens (U lr ic h  and B a s s le r ), G le n is te r  and K lapper, 
1966, p. 831 -8 32 , P I.  94 , F ig s . 10 , 11.

Polylophodonta confluens (U lr ic h  and B a s s le r ), Huddle, 1968, p. 42 , P I .
17 , F ig s . 1 , 2 , 8 , 9 , 11.

Polylophodonta confluens (U lr ic h  and B a s s le r ), Dreesen and Dusar, 1974, 
P I.  4 ,  F ig . 21.

Remarks.— A species o f  Polylophodonta w ith  rows o f  nodes and 

rid ges which p a r a l le l  the  f re e  blade a t  th e  a n te r io r  end o f  the  p la tfo rm  

and w ith  tran sverse  rid g es  on the  p o s te r io r  p a r t  o f  the  p la tfo rm .

O ccurrence. — Helms (1961) rep o rted  £ .  confluens from the Lower 

S. v e l i f e r  Zone. Z ie g le r  (1971 ) rep o rts  Polylophodonta from the  Upper 

£ .  rhomboidea and Lower JP. m a rg in !fe ra  Zones. In  my study, Polylophodonta  

was presen t in  the  basal beds o f  the Percha Formation a t  Highway 77 and 

Holy Joe Peak.



M a te r ia l .--M o re  than 20 specimens.

Figured Specimens.— UA59276-UA59278 (hypotypes).
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Polylophodonta concentrica U lr ic h  and G assier, 1926 
F ig . 15, nos. 10-12

Polygnathus concentricus U lr ic h  and G assier, 1926, p. 47, P I. 8 , F igs.
6 , 7. ----------------------------------

Polylophodonta concentrica (U lr ic h  and G a s s ie r), Huddle, 1968, p. 41 ,
P I. 17, F ig s . 3 -7 , 10.

Remarks.— A species o f  Polylophodonta w ith  a sho rt fre e  b lade, 

and a tongue-shaped p la tfo rm . Ridges and nodes are arranged in  a v a r i ­

e ty  o f  ways on the p la tfo rm  but are always in  a concentric  p a tte rn .

O ccurrence.— P. concentrica was present in  basal beds o f  the  

Percha Formation a t  Highway 77.

M a te ria l . — More than 15 specimens.

Figured Specimens. — UA52979-UA52981 (hypotypes).

Genus Siphonodella Granson and Mehl, 1948 
Siphonodella is o s tic h a  (C ooper), 1939 

F ig . 15, nos. 13, 14

Siphonognathus is o s tic h a  Cooper, 1939, p. 409, P I.  41 , F igs . 9 , 10. 
Siphonodella is o s tic h a  (C ooper), E th ing ton , 1965, p . 587, P I. 67, F igs. 

15, 17.
S iphonodella is o s tic h a  (Cooper), Rexroad, 1969, p. 43 , P I. 3 , F igs . 1 -4 .

Remarks.— A species o f  S iphonodella which is  unornamented except 

fo r  a ca rin a  and ro s tra l r id g es . This species was used to  lo c a te  the  

Devonian-M ississippian con tact where there  was no obvious l i th o lo g ic  con 

ta c t .  F igure 15, no. 13 is  a c lose-up o f  the p la tfo rm  o f  no. 14.

Occurrence.— S. is o s tic h a  was found in  the basal beds o f  the

M iss iss ipp ian  Escabrosa Limestone a t  P inal Creek (from  a th in  p la ty  u n it
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reported  by E th ington , 1965), Highway 77, Van W inkle Ranch, Steamboat 

Mountain, Brandenburg Mountain 1, and Saddle Mountain.

M a te ria l . — 53 specimens.

Figured Specimen.— UA52982.

Genus Bispathodus (M u lle r , 1962)
Type species: Spathodus s p in u lic o s ta tu s , Branson, 1934

Bispathodus s ta b i l is  (Branson and Mehl, 1934)
F ig . 15, nos. 15, 16; F ig . 16, nos. 1 -3

Spathodus s t a b i l i s , Branson and M ehl, p. 188, P I.  17, F ig . 20. 
Bispathodus s ta b i l is  (Branson and M ehl) ,  Z ie g le r ,  Sandberg, and A u s tin , 

1974a, p. 100, F ig . 10; P I. 3 , F igs. 1 -3 .

D iag n o s is .— A species o f  Bispathodus th a t  has on ly one row o f  

d e n tic le s  and r e la t iv e ly  sm a ll, narrow basal c a v ity  th a t  does not extend  

to  the p o s te r io r  end.

Remarks. — Z ie g !e r ,  Sandberg, and Austin  (1974a, 1974b) recog­

n ize  two morphotypes o f  EL s t a b i l i s . The Bispathodus branch (Morphotype 

2) has a la rg e  basal c a v ity  th a t  extends to  the p o s te r io r  end, and the  

aculeatus branch (Morphotype 1) has a sm alle r basal c a v ity  th a t  does not 

reach to  the p o s te r io r  end. Specimens o f  morphotype 1 were found in  

th is  study.

Occurrence. — Z ie g le r ,  Sandberg, and Austin (1974a) record the  

range o f  B. s ta b i l is  from the Upper m a rg in ife ra  Zone to  the Lower 

Carboniferous. EL s ta b i l is  was found in  my study in  the Percha Forma­

tio n  a t  Saddle Mountain, Brandenburg Mountain 1, and Brandenburg 

Mountain 2.

M a te r ia l . — 8 specimens.

Figured Specimens.--U A 52983. UA52985, UA52984 (hypotypes).



. F igure 16. Spathognathodus, Bispathodus, Ostracod, M olluscs,
G1uteus.

A ll specimens from the Percha Formation.

1 -3 — Bispathodus s ta b i l is  Branson and Mehl: 1 , c lose-up o f
basal c a v ity  o f  UA52985, x6005 2 , aboral ob lique view o f  
UA52985, x 30; 3 , s ide view o f  UA52985, x 30.

4 ,5 — Spathognathodus inornatus (Branson and M ehl): 4 , aboral
ob lique view o f  UA52986, x 30; 5 , s ide view o f  UA52986, 
x 30.

6 -8 — Ostracods from £ .  s ty ria cu s  Zone o f  the Percha Formation:
6 , UA52987; 7 , UA52988; 8 , UA52989, a l l  x 25.

9— Gastropod from the JP. s ty ria cu s  Zone o f  the Percha Forma­
t io n : 9 , UA52990, x 25.

10-14— Gluteus minimus Davis and Semken: 10, smooth side view o f
UA52991, x 19; 11, growth l in e  s ide view o f  UA52991, x 19;
12, smooth s ide view o f  UA52992, x 19; 13, growth l in e  s ide  
view o f  UA52992, x 19; 14, ex te rn a l mold o f  growth l in e  s id e , 
UA52993, x 19.
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Figure 16. Spathognathodus, Bispathodus, Ostraced. Molluscs, Gluteus.
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Genus Spathognathodus Branson and Mehl, 1941 
Type species! Spathodus primus Branson and M ehl, 1933

Spathognathodus inornatus (Branson and M ehl, 1934)
F ig . 12, nos. 4 ,  5

Spathognathodus inornatus Branson and Mehl, 1934, p. 185, P I. 17,
F ig . 23.

Spathognathodus inornatus (Branson.and M eh l), Rexroad, 1969, p. 47,
P I.  6 , F igs . 1 , 2.

Remarks. — A species o f  Spathognathodus w ith  o ra l and aboral 

margins s u b p a ra lle l. Th is  specimen has 12 d e n tic le s , most o f  which are  

broken near th e ir  t ip s .  The basal c a v ity  is  e longate and extends to  

the p o s te r io r  end.

Occurrence.— In th is  study,S.. inornatus is  present in  the lower 

p a rt o f  the carbonate member o f  the Percha Formation a t  Brandenburg Moun­

ta in  1 and Brandenburg Mountain 2 .

M a te r ia l . — 3 specimens.

Figured Specimens. — UA52986 (hypotype).

Other M ic ro fo s s ils

Molluscs 
F ig . 16, no. 9

Gastropod from the Percha Formation a t  Saddle Mountain.

M a te r ia l . — 5 specimens.

Figured Specimens.— UA52990.

Ostracods
F ig . 16 , nos. 7 , 8

Ostracods found in  the lower p a r t  o f  the carbonate member o f  the Percha 

Formation a t  Saddle Mountain.
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M a te r ia l .— 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 
F ig . 16, nos. 10-14

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

D iagn os is .— This fo s s il  o f  unknown b io lo g ic a l a f f i n i t i e s  is  

s m a ll, b ilo b a te , asymmetrical and d isp lays  a smooth side and a s ide w ith  

concentric  growth r in g s . A ll  specimens found in  my study g e n e ra lly  re ­

semble the holotypes o f  G. minimus, but are  s m a lle r.

Occurrence. — Davis and Semken (1975) re p o rt th is  fo s s il  from  

fo u r lo c a l i t ie s  in  the Maple M il l  Shale o f  Iowa. Based on conodonts, 

the Maple M il l  Shale was assigned to  the Pelekvsgnathus in c l in a tu s -  

Scaphignathus subserratus Fauna (upper p a r t  o f  the Scaphignathus v e l i f e r  

Zone) by Be in e r t  in  Klapper and others (1 9 7 1 ). In n\y study, Gluteus 

minimus was found in  the basal beds o f  the Percha Formation a t  Highway 

77, Brandenburg Mountain 2 , and Holy Joe Peak. Conodonts found w ith  (L 

minimus in  the Percha Formation a llo w  assignment to  the same J P .  
in c l in a tu s -S. subserratus Fauna as the Maple M il l  Shale.

M a te ria l . — More than 100 complete o r p a r t ia l  specimens.

Figured Specimens. — UA52991-UA52993 (hypotypes).



APPENDIX A

CONODONT DISTRIBUTION AND STRATIGRAPHIC COLUMNS

Figures A. 1-A . 11— Explanation

A try = a try p id  brachiopods

in a r t = in a r t ic u la r  brachiopods

rhy = rhynchonellid  brachiopods

brach = brachiopods

fis h = f is h  bones and /or tee th

coral = c o ra ls , c o lo n ia l o r  s o l i ta r y

coen = Coenites

pachy = Pachyphyllum

hex = Hexagonaria

syring = Syringopora

s n a ils = gastropods

ten ta = te n ta c u lit id s

ost = ostracods

phos pel = phosphatic p e lle ts

t r a is l = t r a i l s

HC = "Horse c o l la r s " .  Gluteus minimus

bry = bryozoan

clams = b iva lves

sponge = sponges (sp icu les  o r specimens)
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strom

c r in

C

EA

= stomatoperoids  

= c rin o id s

= common, over 15 specimens observed on bedding 
planes

= extrem ely abundant, over 100 specimens observed on 
bedding planes

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